Physiological evidence in support of music intervention in a clinical environment by Cheng, Lily
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2013
Physiological evidence in support
of music intervention in a clinical
environment
https://hdl.handle.net/2144/12071
Boston University
  
BOSTON UNIVERSITY 
 
SCHOOL OF MEDICINE 
 
 
 
 
Thesis 
 
 
 
 
PHYSIOLOGICAL EVIDENCE IN SUPPORT OF MUSIC INTERVENTION 
IN A CLINICAL ENVIRONMENT  
 
 
by 
 
 
LILY CHENG   
 
B.A., Rice University, 2011 
 
 
 
 
 
 
 
 
Submitted in partial fulfillment of the 
 
requirements for the degree of 
 
Master of Arts 
 
2013 
  
  
   
Approved by 
 
 
 
 
 
 
 
 
 
First Reader   
  
 R.J. Rushmore III, Ph.D. 
 Assistant Professor of Anatomy and  Neurobiology 
 
 
 
 
 
 
 
 
 
 
Second Reader   
  
 Gwynneth D. Offner, Ph.D.  
 Director M.A. Medical Sciences Program, 
  Associate Professor of Medicine 
   
  
 
  
 
iii 
 
   
DEDICATION  
 
To my parents’ version of the butterfly effect—the moment when 
my mother’s singing of Madame Butterfly and my father’s blasting 
of “In-A-Gadda-Da-Vida” met in harmony. Their loving influence 
led to my lifelong appreciation of music and enduring curiosity for 
the diversity in the world. 
iv 
 
PHYSIOLOGICAL EVIDENCE IN SUPPORT OF MUSIC INTERVENTION 
IN A CLINICAL ENVIRONMENT  
 
LILY CHENG 
Boston University School of Medicine, 2013 
 
Major Professor: R.J. Rushmore III, Ph.D., Assistant Professor of Anatomy and 
Neurobiology  
 
ABSTRACT 
  
Integrative medicine is the synergistic ability of alternative therapy to 
complement evidence-based medicine. Therapeutic music can induce changes in mood 
state and physiology and be useful in stressful clinical environments and in the recovery 
of patients. In an extensive literature review, experiments recounting the various 
physiological effects of music were analyzed to support the use of music interventions. 
Results demonstrated a significant influence on IgA, IL-6, epinephrine, norepinephrine, 
serotonin, growth hormone, cortisol, estrogen, testosterone, oxytocin, and prolactin 
concentrations. By altering autonomic activity and subsequent changes in the 
hypothalamic-pituitary axis, music influences hemodynamics, alleviates perception of 
pain and anxiety and reduces the body’s stress response to severe injury. Data retrieved 
by summarized studies lend support to prescribed music interventions to patients. 
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INTRODUCTION 
 
Philosophers characterize music as transcendent vibrations that appeal to the soul. 
Artists say it is a creative expression of a person’s subconscious. Evolutionists consider it 
the earliest form of nonverbal communication and integral to sexual selection; while 
anthropologists tie it to ancient religious rituals and socialization. Over the course of 
civilizations and centuries, music has been ingrained into our aesthetic and cultural 
framework, likely due to its power to elicit strong emotional and psychological responses. 
Ferruccio Busoni, a 19
th
 century composer, explains that “music can grow brighter or 
darker, shift hither or yon, and finally fade away like the sunset glow itself; and instinct 
leads the creative musician to employ the tones that press the same key within the human 
breast, and awaken the same response, as the processes in Nature” (Albright, 2004). We 
are sensitive to music and respond with changes in both mood and physiological states.  
Traditionally, music is perceived to be a subjective phenomenon. It is seen as an 
individual experience that relates uniquely to each listener. Nevertheless, there are 
fundamental patterns in music composition that elicit similar responses in all listeners. 
Music is a universal language that speaks equally across different ethnicities and on every 
level of intelligence. The universality of music makes it an ideal candidate for integrative 
medicine. The therapeutic properties of music can be used to treat a variety of diseases 
and symptoms. Musical stimuli is sensed and processed by the central nervous system. A 
relay of signals to the autonomic nervous system leads to changes in parasympathetic and 
sympathetic activity. Modifications of endocrine hormone levels, heart rate, respiratory 
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rate, and the number of immunological cells are all related to the music response. With 
more research, a greater understanding for how we physiologically respond to music 
opens up avenues for its future use. This literature review will explore evidence-based 
studies to cultivate a concrete foundation for the clinical use of music. 
 
Background 
Music is an organized pattern of varying sound pressures that are received by the 
auditory system. It is a complex blend of pitch, timbre, rhythm, tempo, crescendos, vocal, 
harmony, and melody that produces an emotional and physiological response.  
Composers utilize the dynamic features in a musical piece to induce a change in 
physiological state in their listeners. To early composers, major keys were considered 
active and masculine, while minor keys were passive and feminine. The major key was 
often interpreted as “bright, assertive, cheerful, male, and the minor mode the opposite of 
these traits—shadowed, oblique, sad, female” (Vescelius, 1918, Albright 2004). They 
used these customary standards to convey intentional emotional and physiological 
effects. Modern composers branch beyond these binary characteristics and modify other 
musical elements to influence a person’s response. For instance, breaking expectations in 
melody stimulates surprise and arousal; while multifaceted, thick harmonies lead to 
feelings of happiness. Staccato (short, discrete notes) and strongly articulated music are 
associated with moods of fear and anger, while legato (elongated, smoothly flowing) 
movements convey tenderness and melancholy. In terms of tempo, fast and slow beats 
per minute can lead to stimulating or sad music, respectively (Zwaag, Westerink, & 
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Broek, 2011). Meanwhile, excitative music is generally characterized by loud, dynamic 
melodies with vibrant tempos and rhythms. Sedative music is more melodious, harmonic 
and delicate (Iwanaga, Kobayashi, & Kawasaki, 2005). All of these elements combine to 
elicit specific responses in listeners. 
A fascination and appreciation for the aesthetic value of music connect the natural 
environment to people. Some philosophers believe that music is a reflection of our 
natural environment and “imitates not the sounds of specific natural phenomena, but the 
mode of operation of nature itself, the growth patterns of plants and animals, the tectonics 
of things” (Albright, 2004). Respected philosophers, writers, and artists throughout the 
centuries have remarked on the profound significance and universality of music. A 
popular quote devised from the amalgamation of Greek philosopher Plato and 18
th
 
century polymath Sir John Lubbock’s beliefs is as follows: 
“Music is moral law. It gives a soul to the Universe, wings to the mind, flight to 
the imagination, a charm to sadness, gaiety and life to everything. It is the 
essence of order and leads to all that is good, just and beautiful, of which it is the 
invisible but nevertheless dazzling, passionate and eternal form” (Vescelius, 
1918; Lubbock, 1893; Grocke, 2006). 
 
From the beginning of human existence, music has been incorporated into our 
culture. The earliest forms of flute-like instruments were discovered in prehistoric times 
among Cro-Magnon and Neanderthal remains. The presumed anthropological use of 
music was to contribute to religious contexts and ancient healing practices. With pious 
chanting and beating drums, music was a magical force used to ward off evil spirits, 
please higher powers and promote the healing of the ailing (Conrad, 2010a). Music 
continued to play a prominent role in the social and religious cultures of prehistoric 
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civilizations, ancient Egyptians, Asians, Greeks, Romans, Africans, and Maori and began 
to evolve as an art form during the Middle Ages, Renaissance, and through to our modern 
day. Songs developed as oral storytelling, recounting historical and mythical events. They 
were created to provide encouragement to workers as they labored in fields, calming 
lullabies to restless children, inspiring religious hymns to worshippers, and aggressive 
war chants to military soldiers. Music had such an impact on history that, in his defeat in 
1812, Napoleon was quoted as saying that the deafening drums and chants of the Russian 
army made it appear as if the French had “awaken[ed] the savage beast” (Degmečić, 
Požgain, & Filaković, 2005; Vescelius, 1918). Beyond purely entertainment purposes, 
music has been at the forefront of political uprisings, anti-war movements, nationalistic 
and patriotic anthems, social revolutions, and satirical commentary.  Music is a universal 
language that has the power to communicate ideas, feelings, and memories across nations 
and through centuries.  
With such a strong connection to humans’ emotions, early philosophers began to 
believe in the connection between the mind and the body. By appealing to the senses and 
the psyche, it was presumed that music could improve the wellness of the being and 
purify the soul. Starting with the Greeks, philosophers like Plato, Aristotle, Cicero, 
Homer, Pythagoras, Theophrastus and Galen, the Greek father of medical science, used 
the cathartic properties of music to heal. Pythagoras uncovered mathematical equations 
relating musical notes to each other (Cervellin & Lippi, 2011; Conrad, 2010a). This 
inherent order in music was assumed to regulate the body and passions (Kennaway, 
2010). To his patients, Galen recommended a “medical bath” of flute music to be played 
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over aching body parts and nerve pain. Meanwhile, Homer prescribed music for 
psychological anguish or distress. Vibrations from the sounds were also thought to 
remedy epilepsy and gout. Music was used in the treatment of the plague, venomous 
reptile bites, rheumatism, nervous disorders and psychiatric disorders (Rogers, 1918; 
Vescelius, 1918). As the late 17
th
 century developed, music was perceived as a 
“relationship between human microcosm and cosmic macrocosm” (Kennaway, 2010).   
Leading into the 18
th
 century, Vincenzo Galilei, Rene Descartes, and Isaac 
Newton viewed music in a more scientific manner and focused on music’s effect on 
physiology and more specifically, on the nerves. The thought was that music could refine 
the nerves, appeal to the senses and control the passions of people (Kennaway, 2010; 
Vescelius, 1918). Based on this concept, music was translated further into a therapeutic 
role. It was utilized in psychiatric hospitals to calm patients. Hospitals were designed 
with an organ room built near the center so that all patients in every wing could hear. 
Twilight music hours were even implemented in prisons to stimulate introspection about 
past indiscretions in inmates (Rogers, 1918; Vescelius, 1918).  
During the 1900’s with the onset of WWI and WWII, the use of music became 
more prominent in the hospitals. Doctors and nurses noticed how music helped the 
recovery and mental health of traumatized and injured soldiers in the crowded hospital 
rooms. After observing the effects among different hospitals, the first music therapy 
program was created at Michigan State University in 1944 (Degmečić et al., 2005). The 
American Music Therapy Association was later established in 1998 (Degmečić et al., 
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2005). Recognition of music’s influence in medicine legitimized its physiological effects 
and spurred further research.  
The origin of humans’ biological relationship with music starts as early as a 
prenatal fetus. Beginning in the womb, we are responsive to auditory stimuli and the 
rhythmic music of a mother’s heartbeat. Young infants can understand and mimic basic 
rhythms. Infants younger than six months old demonstrate heart rate variations in 
response to changes in short melodies (Panksepp & Bernatzky, 2002). As young 5-9 year 
olds, children process musical stimuli in the same hemisphere as speech and language, 
unlike in adults. It appears that music processing is comparable or related to language 
acquisition early in development (Koelsch et al., 2003). Moreover, there may be an 
evolutionary basis to our response to music. Charles Darwin reported the mating rituals 
of birds and sexual selection through the use of songs (Panksepp & Bernatzky, 2002).  
Similarly, human’s emotional response to music “may have a deep multidimensional 
evolutionary history, including issues related to the emergence of intersubjective 
communication, mate selection strategies, and the emergence of regulatory processes for 
other social dynamics such as those entailed in group cohesion and activity coordination” 
(Panksepp & Bernatzky, 2002). Music may have contributed to attraction during mating 
and social integration in communities. Evolutionary history demonstrates an innate 
propensity to respond to music.  
With such an affinity and physiological responsiveness to music, clinical 
interventions advantageously use music to treat patients. Music stimulates the autonomic 
nervous system and leads to subsequent downstream, systemic effects. In particular, these 
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effects are widely beneficial for subduing anxiety, stress response, and hypermetabolism 
due to severe injury (Nelson et al., 2008). With a variety of uncomfortable or painful 
medical procedures, patients often face intense feelings of anxiety and worry. 
Environmental stressors in post-operative care (ICU, PACU, etc.) and with intrusive 
medical procedures (including but not limited to, lumbar punctures, mechanical 
ventilation, catheterizations, and Cesarean sections) often lead to insufficient sleep, 
continual exposure to noise, reduced personal dignity, and loss of interaction with family 
and friends. Patients can experience stress as soon as a decision to undergo surgery is 
made and this anxiety can persist up to three months afterward (Twiss, Seaver & 
McCaffrey, 2006). Stress activates the sympathetic nervous system that leads to 
epinephrine release from the adrenal medulla and other systemic results. Prolonged stress 
causes delays in physiological mechanisms of recovery from disease and injury. 
Therefore, reductions in stress and anxiety levels are significant in a patient’s recovery 
time. Invasive surgery leads to an exaggerated response to stress and an increased 
cardiovascular workload, which includes elevated blood pressure and heart rate. These 
side effects are risk factors for developing hypertension and cardiovascular disease.  
With severe injury, patients often develop systemic inflammatory response 
syndrome, which includes the onset of hypermetabolism. An exaggerated metabolic 
response to injury leads to a massive outpouring of hormones that induce fever, 
glycogenolysis, fat catabolism, proteinolysis, and insulin resistance (Nelson et al., 2008). 
There is a general catabolic trend of protein, fat and carbohydrates in muscle, adipose 
tissue, connective tissue and lymphoid tissue (Yamasaki et al., 2012). These widespread 
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effects can persist up to a month after the initial injury. Consequently, the role of music to 
subside these effects is greatly important. Music initiates the release of endorphins and 
changes catecholamine levels, resulting in a natural analgesic effect. Music may  decrease 
blood pressure, heart rate, respiratory rate, oxygen consumption, serum lactic acid levels 
and lead to a swifter recovery (Chafin, 2004). Modern medicine aims to modulate 
physiological states for better health outcomes. Music has the capacity to do so, directly 
or indirectly. As an effective, inexpensive intervention, music can prove to be a beneficial 
complement to evidence-based medicine. 
 
Specific Aims/Objectives  
 With intrusive medical procedures and dependencies on medication, music can 
serve as complementary treatment to stimulate natural healing activity in the body. Music 
has been shown to reduce pain, anxiety, hospital stay times and the need for analgesics. It 
stimulates positive mood states and promotes mental well-being. By activating the 
autonomic nervous system—and subsequent parasympathetic and sympathetic nervous 
systems—music triggers downstream effects on the endocrine, immune, and 
cardiovascular system that lead to widespread changes within the body. It demonstrates 
promise in promoting neurogenesis and enhancing immunocompetence. Its powerful 
influence over physiological responses makes it applicable in the treatment of 
cardiovascular diseases, cancer, post-surgical recovery, stress, anxiety, gait impairment, 
ataxia, multiple sclerosis, epilepsy, traumatic brain injuries, psychiatric disorders 
(depression, schizophrenia, and behavioral disorders), autism, eating disorders, and 
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neurodegenerative disorders (Parkinson’s, Alzheimer’s, and dementia). Music has the 
capability to work congruently with modern medicine for the overall benefit of the 
patient.  
  To demonstrate how we can harness the abstract, subjective power of music and 
apply it in a quantitative, tangible setting, an extensive literature review will provide 
evidence of music’s physiological effects. By focusing on human subject trials and 
controlled studies, we hope to use the results to be generalized to the larger population. 
Although studies have shown a physiological response to music in rats and birds, using 
animals opens up the discussion of whether non-humans emotionally perceive or 
appreciate music in the same way as humans. Consequently, a focus on mainly human 
trials will be maintained. Moreover, most of the studies appear to collect salivary samples 
of measured hormone levels. As a less invasive method of collection, salivary samples 
are a trusted representation of serum concentrations levels. In investigating changes in 
cortisol, testosterone, growth hormone or immunoglobulin A (IgA), diurnal variations 
will be taken into consideration with the time of day each subject is sampled.  To 
evaluate the anxiety state of subjects, many are given state State-Trait Anxiety Inventory 
(S-STAI, measures how you feel “right now”) or trait State-Trait Anxiety Inventory (T-
STAI, measures how you “typically” feel) or another psychological measure of anxiety. 
With similar methods, we hope to maintain a standard of consistency among the studies 
so they can be compared with each other. 
Further research on music will demonstrate the potential to provide holistic and 
personalized treatment to each patient. Information about music’s effects can widen its 
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use in a clinical environment. Moreover, it may prove to enhance optimal performance 
under high cognitive and physical demand. This finding may improve learning processes 
and help rehabilitating patients, athletes undergoing high intensity anaerobic exercise or 
even surgeons in the operating room. Music is the next versatile medical intervention. 
 
PUBLISHED DATA 
Music causes many of its effects by intervening in the autonomic nervous system 
and through the hypothalamic-pituitary axes. With the autonomic nervous system, the 
auditory stimulus elicits a neural response that leads to either the excitation or 
suppression of the sympathetic and parasympathetic nervous systems (Trappe, 2012). 
Through both systems, a cascade of changes in body processes leads to alterations in 
mood, emotion, cardiovascular function, immunocompetence, and energy storage and 
expenditure. Such systemic effects occur by music’s ability to change the release of 
neurotransmitters, cytokines, and hormones. Music intercedes in the hypothalamic-
pituitary-adrenal (HPA) axis and the hypothalamic-pituitary-gonadal (HPG) axis and 
generates widespread outcomes that can help the body cope with mental, psychosomatic 
and physical stress (Yamasaki et al., 2012). 
 
Neurotransmitters and Endogenous Opioid Peptides 
 In response to auditory stimuli, the release of monoamine neurotransmitters—
such as serotonin (5-HT) and catecholamines—varies with perceived pleasant or 
unpleasant music. A subject’s perception of music is processed by the central nervous 
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system and modifies neurotransmission response. Serotonin, for instance, is a monoamine 
neurotransmitter with a strong role in feelings of happiness and well-being, sedation, 
relaxation, pain regulation, sleep, arousal and food consumption (Krout, 2007). Although 
there is still a need for further research, preliminary studies conducted by Evers and Suhr 
(2000) demonstrate how healthy subjects perceive different types of music and how it 
affects serotonergic neurotransmission. With 20 healthy subjects, musical selections were 
rated on a scale as being pleasant or unpleasant. Pleasant music was represented by 
Johannes Brahms’ “Symphony No. 3, op. 90, third movement (poco allegretto), while 
unpleasant music was exemplified by Krzysztof Penderecki’s harrowing “Threnos.” After 
the experiment, 17 subjects submitted serum samples (3 platelet pellet samples were 
compromised during laboratory work). The platelet content of 5-HT has been previously 
shown to model 5-HT content in neurons. A decreased intracellular content in platelets 
correlates to increased 5-HT release due to serotonergic neurotransmission (Pletscher 
1978; Stahl, 1977). The collected samples showed higher 5-HT content in platelets during 
pleasant music and lower content during unpleasant music in comparison to the resting 
condition. The emotional stress of unpleasant music caused an increased release of 5-HT 
from serotonergic neurons, which correlated to a decrease in its intracellular stores. 
Reduced neuronal 5-HT content was exhibited by decreased platelet 5-HT content (Evers 
& Suhr, 2000). Stressful stimuli, such as unpleasant music, activate coping responses to 
elevate release of 5-HT, which can be used by the rest of the body. 
Similar to 5-HT, distressing circumstances and stimuli also activate the release of 
more endogenous opioid peptides. Endogenous opioid peptides, such as endorphins and 
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enkephalins, prompt feelings of pleasure, facilitate a sense of calm and modulate pain and 
stress  (Gerra et al., 1998). With any noxious stimuli, these opioid peptides are released 
into the blood, spinal cord and brain by the hypothalamus and the pituitary gland. In 
particular, β-endorphin, also known as endogenous morphine, is a cleavage product of 
pro-opiomelanocortin (POMC), a precursor hormone of adrenocorticotrophic hormone 
(ACTH) (Krout, 2007). β-endorphin has the highest affinity for presynaptic μ-opioid 
receptors and inhibit neurotransmitter GABA release and disinhibit dopamine pathways. 
This allows more dopamine to be released, reducing blood pressure and providing an 
analgesic effect via dopamine-2 receptors in the brain, spinal cord and digestive tract 
(Conrad, 2010a; Stefano et al., 2004).  
In contrast to Evers and Suhr, a study by Stefano et al. (2004) demonstrated how 
calming music propagates a relaxation effect through changes in β-endorphin levels. With 
an age range of 18-40, six subjects listened to 20 minutes of classical Bach, while another 
five acted as controls and sat in silence for 20 minutes. Collected blood samples from the 
music group showed a significant increase in the number of peripheral blood 
mononuclear cells (PBMCs) and a significant decrease in mean plasma levels of 
interleukin-6 (which will be further discussed later). Moreover, a significantly higher μ-
opioid receptor expression level on PBMCs was found in subjects in the music group (p = 
0.007). Plasma endorphin levels were non-significantly lower in the music group while 
levels of morphine 6 glucuronide (M6G)—the main effector for the pain-relieving effects 
of morphine—increased slightly. Subsequently, it was surmised that endogenous 
morphine was being converted to M6G, the more potent form, which explains why 
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plasma levels decreased. Moreover, a proposed coupling of nitric oxide (NO) and 
morphinergic processes may have contributed to the relaxation effect of music. Stefano et 
al. (2004) suggested that endorphin acts as an endogenous signaling molecule to initiate 
vasodilation by stimulating NO release from endothelial cells. This drop in morphine 
decreases the stimulation of IL-6 production and also leads to increase in μ-opioid 
receptor expression as a feedback/compensatory mechanism in which the mononuclear 
cell attempts to regain its morphinergic input after the drop in plasma morphine levels 
(Stefano et al., 2004). Endorphin also induces IL-6 production in lymphocytes via 
stimulation of the adrenal cortex. This opioid peptide effect is presumed to partially 
induce the feeling of “chills” one may experience after hearing a poignant piece of music 
(Panksepp & Bernatzky, 2002). 
In reference to the relationship between the sympathetic nervous system and the 
adrenal system (also known as the sympathoadrenal axis), music also alters the 
concentration of catecholamine, a subcategory of monoamine neurotransmitters. 
Catecholamines, such as epinephrine, norepinephrine and dopamine, control arousal and 
feelings of pleasure (Krout, 2007). Plasma norepinephrine (NE) and epinephrine are 
important neurotransmitter and hormone components of the sympathoadrenal axis.  
Released from postganglionic neurons in the central nervous system and adrenal medulla, 
both play a large part in the body’s flight-or-flight response. Increased sympathetic 
nervous system activity leads to increased NE and epinephrine release to increase heart 
rate, blood pressure and to release glucose from energy stores. Abnormal fluctuations in 
NE levels and activity contribute to attention deficit hyperactivity disorder, depression, 
14 
 
schizophrenia, and hypotension (Mӧckel et al., 1994). NE is an independent predictor of 
prognosis in patients with congestive heart failure and estimates a poor prognosis if NE 
levels are high (Mӧckel et al., 1994). Consequently, there is a desire to discover ways to 
attenuate the sympathoadrenal axis and decrease stress to improve recovery and 
prognosis. When 20 healthy volunteers (age ranging from 20-33 years) listened to six 
minutes of meditative music by Ravi Shankar, a significant decrease in NE was seen (p < 
0.01) (Mӧckel et al., 1994). Without any stressful stimuli, the body naturally responds to 
music and experiences an anxiolytic effect. In working with ten critically ill patients 
experiencing stress in postoperative care and discomfort from respiratory intubation, 
there was a significant 55% decrease (p < 0.05) in epinephrine levels after listening to 
Mozart piano sonatas (Conrad et al., 2007). Alternatively, when subjects experienced 
tension and a sense of urgency from techno music, central activation of the 
sympathoadrenal system led to a significant increase in NE (F (1,15) = 9.8, p < 0.01) to 
elevate levels of a variety of norepinephrine-dependent hormones like ACTH cortisol, 
GH, and β-endorphin (Gerra et al., 1998). In both healthy and ailing circumstances, music 
modified the sympathoadrenal system to reduce norepinephrine and epinephrine levels.   
 
Effect on Immune Function 
 In dealing with immunocompetence, prolonged psychic and physical stress can 
lead to suppression of immune function. For instance, the production of white blood cells 
may be compromised when elevated stress-related hormones circulate in the system 
(Charnetski, Brennan & Harrison, 1998). Consequently, music’s ability to restore 
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immune function would be beneficial in a clinical environment. One way in which music 
is found to influence immunocompetence is by changing levels of secretory 
immunoglobulin-A, a marker of immunocompetence. IgA is measured in saliva and is an 
index of mucosal immunity (Hucklebridge et al., 2000). IgA is the first line of defense 
against bacterial and viral infections of the upper respiratory pathway. It may also be 
connected to a person’s emotional state. Chronic stress downregulates secretory IgA, 
while acute psychological challenges stimulate IgA mobilization. During acute 
psychological stress challenges, upregulation of certain aspects of immune function is 
mediated by the short-term adaptive response via the sympathoadrenal system (Conrad et 
al., 2007). This leads to an increase in circulating natural killer (NK) cells and CD8+ 
cytotoxic T cells and an increase in NK cell activity (Hucklebridge et al., 2000). All of 
these changes are rapid and transient. IgA is the main immunological defense of mucosal 
surfaces. Its levels represent the functional status of the entire mucosal immune system. 
Like cortisol, IgA has a diurnal cycle, peaking during early waking hours and decreasing 
rapidly soon after (Hucklebridge et al., 2000). The greatest decrease is within the first 30 
minutes and then follows a gradual decline afterwards.  
Nevertheless, the secretion of IgA can be further modified by music stimuli. In a 
study by Hucklebridge et al. (2000), salivary samples of IgA were collected after mood 
induction by music. With 41 healthy students (31 female; mean age = 19.9 years), 
subjects were selected to listen to happy or unhappy mood induction tapes for 30 
minutes. In the end, 21 subjects were in the sad condition and 17 were in the happy 
condition. Salivary samples were collected before and after the music intervention. What 
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was found were significant increases above zero for salivary IgA concentration and 
secretion rate (F = 20.29; df = 1, 36; p < 0.0001, and F = 12.4; df = 1, 36; p < 0.001, 
respectively). Yet, there was not enough power to definitively differentiate between the 
positive and negative moods. Even so, evidence demonstrated that salivary IgA secretion 
responded more strongly to positive mood inductions, even though it also increased 
minimally for the negative moods. These elevations are unique considering they 
contradict the diurnal cycle for IgA. There was no evidence that negative moods cause 
downregulation of IgA secretion (Hucklebridge et al., 2000). 
 To better identify what type of music stimulation can induce the most significant 
response in IgA secretion a study presented 66 healthy college students (35 female; age 
range = 17-40) with four unique conditions. Charnetski, Brennan and Harrison (1998) 
gave participants 30 minutes of one of four conditions. The four conditions were silence, 
Muzak (smooth jazz or “elevator music”), radio broadcast similar in musical style, and a 
tone/click presentation for auditory stimulation. Saliva samples were collected before and 
after the experiment for the assay of IgA. The results showed a significant increase in IgA 
levels for the music condition (n = 20).  As shown in Figure 1, levels increased by 14.1% 
in the Muzak group and by 7.2% in the radio group; meanwhile, levels decreased by 
0.9% in the control group and by 19.7% in the tone/click auditory stimulus. With a Fisher 
Protected Least Significant Difference (PLSD) test, there were significant differences 
between the music condition and the tone/click (PLSD = 21.87, p < 0.05) and silence 
(PLSD = 14.68, p < 0.05). Significant differences were also found between the radio and 
tone-click conditions (PLSD = 22.00, p < 0.05). Protected t tests using a Bonferroni 
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adjustment showed significant increases in IgA for the music condition (t19 = 3.58, p < 
0.01), but not for any of the other three conditions. The study demonstrated that there is a 
significant difference between silence and auditory stimuli. The fact that Muzak 
prompted an increase in IgA levels while silence and basic tone/click auditory stimulus 
decreased levels, demonstrates the impact of the musical profile. The elements of music 
inspire a greater response than any ordinary auditory stimulus or noise. Subjects were 
more sensitive to the musical composition, which was represented by their IgA levels 
(Charnetski, Brennan, & Harrison, 1998). 
 
Figure 1. A demonstration of the changes from baseline of secretory IgA (mg/L) in each 
of the four auditory conditions. IgA levels increased by 14.1% and by7.2% in the Muzak 
and radio group, respectively, and decreased by 0.9% and 19.7% in the control and tone-
click conditions, respectively (Charnetski, Brennan, & Harrison, 1998). 
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 Expanding on the information gathered from previous studies, Kreutz et al. (2004) 
further explored the impact of music on IgA levels by comparing receptive listening to 
singing. He investigated whether a subject would reap the most benefits by passively 
listening to music or being an active participant and interacting with the music by 
singing. In the study, 31 members (23 female, age range 29-75 years, mean age = 56.9 
years) were asked to participate in two 60-minute sessions that were a week apart. In the 
singing condition, subjects stood and sang sections from Mozart’s Requiem; while in the 
music listening condition, the choir singers were asked to sit and listen attentively as if 
they were singing. Salivary samples were collected before and after each session. 
Samples were used to measure secretory IgA, cortisol, and albumin levels. Albumin is 
thought to leak passively into saliva from systemic origin and reflect mucosal membrane 
permeability. Therefore, the ratio of IgA to albumin represents the local secretory 
immune response that controls for any serum leakage of IgA. A higher ratio correlates to 
greater immune activity. All subjects also filled out a Positive and Negative Affect 
Schedule (PANAS), a psychometric scale for the measurement of emotional state, before 
and after each session to measure changes in positive and negative emotional affect 
(Kreutz et al., 2004). 
Ultimately, the singing condition led to significant increases in positive mood (p < 
0.05), but not after the listening condition. An ANOVA of secretory IgA/albumin values 
showed a highly significant main effect of condition (F (1,30) = 10.41, p < 0.005). With a 
follow-up Tukey’s HSD-Test of simple effects, a highly significant increase of 
IgA/albumin was found in the singing condition (p < 0.005), which is presented in Figure 
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2 (Kreutz et al., 2004). These results implied that singing improved immunocompetence 
and positive emotional affect. In the music listening condition, there were significant 
increases in negative affect (p < 0.05) with the Post-hoc Tukey’s HSD-Tests of simple 
effects. There were also significant decreases in cortisol levels from the baseline (F 
(1,28) = 12.14, p < 0.001) (Kreutz et al., 2004). There were no significant changes in 
positive affect or secretory IgA levels. The increased negative feelings may be attributed 
to the fact that the subjects were trained singers who may have found passive listening as 
unexciting and boring. Moreover, a social confounding variable may have influenced 
overall emotional affect considering subjects sang in groups and not as solos. The 
contradictory data on mood states may be explained by dissociation between the 
physiological and the psychological response. So in dealing with musicians and non-
musicians, there may be slight variations in the how each group responds to different 
forms of music interventions.  
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Figure 2. An ANOVA of secretory IgA/albumin levels showed a significant interaction 
between time and condition (F(1,30) = 4.32; p < 0.05).Shown are the changes in 
secretory IgA/albumin levels from baseline after each condition. With follow-up Tukey’s 
HSD-Tests, there was a highly significant increase in IgA/albumin for the singing 
condition (p < 0.005) and no significant change for the listening condition (p = 0.79) 
(Kreutz et al., 2004). 
 
 To evaluate the effect of music in the immuno-compromised, levels of 
interleukin-6 (IL-6) cytokine were measured in ten critically ill patients (Conrad et al., 
2007). IL-6 functions as both a pro-inflammatory and anti-inflammatory cytokine in the 
body. It is released mainly by PBMCs to stimulate an immune response against infection 
or trauma and may be produced by muscle cells during exercise. Generally, IL-6 acts to 
mediate fever and the acute phase response to support neutrophils and B cells. Moreover, 
it is a potent activator of the sympathoadrenal axis and leads to increased levels of NE 
and epinephrine (Conrad et al., 2007). IL-6 elevations are often associated with diseases 
such as diabetes, atherosclerosis, cancer, and Alzheimer’s disease.  
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 With the administration of soothing music, IL-6 levels are shown to decrease. 
Stefano’s study (2004) already recorded a significant decrease in mean plasma IL-6 
levels in the music group compared to the control group (music, 0.375 ± 0.375 pg/mL; 
control, 21.98 ± 8.46 pg/mL; p = 0.019). Conrad et al. (2007) worked with ten randomly 
selected patients in day 1 of postoperative care. Levels of stress hormones and IL-6 were 
monitored after music listening. The ten patients were similar in age, sex, performed 
medical procedures, and operation times. All required intubation, mechanical ventilation 
and some level of sedation with propofol. The patients were randomly placed into a 
music listening and a no-music group. The music group listened to selections of slow 
Mozart piano sonatas, which were specifically picked for their relaxing compositional 
elements. Blood samples were collected before and after the surgeries and indexed levels 
of dihydrotestosterone (DHT), growth hormone (GH), epinephrine, NE, ACTH, cortisol, 
IL-6, and prolactin. Moreover, electrical brain activity and requirements for sedative 
medication were monitored using an electroencephalogram and standardized Ramsay 
sedation scale, respectively. Ultimately, there were significantly lower needs for sedative 
narcotics in the music group. Growth hormone levels increased significantly by 60% (p < 
0.05), while IL-6 levels decreased significantly by 83% (p < 0.05) and epinephrine levels 
decreased significantly by 55% (p < 0.05) in the music intervention (Conrad et al., 2007). 
The apparent reduction in stress hormones and cytokines correlated with significant 
decreases in heart rate and blood pressure, which contributed to a sense of natural 
sedation. 
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In the presented studies, soothing music is shown to decrease 5-HT content in 
neurons, elevate IgA levels, and decrease IL-6 concentrations. More importantly, music 
appears to reduce the activity of cytokines, which typically propagate the hypermetabolic 
response to severe injury (Nelson et al., 2008). Music is an appropriate intervention to 
assuage systemic stress responses, reduce dependency on narcotics after surgery, and to 
foster overall immune function. 
 
Effect on Neuroendocrine Pathways 
 Neuroendocrine pathways are complex regulatory processes in the body that 
connect the central nervous system to the rest of the body. Afferent neurons receive 
sensory stimuli and relay the message to the CNS for processing and to trigger a cascade 
of physiological processes via hormones. As an auditory stimulus, music takes advantage 
of these complex pathways to induce systemic changes. 
 
Hypothalamic-Pituitary Pathway: Oxytocin 
Originating from hypothalamic neurons, oxytocin travels to the posterior pituitary 
and is released into the blood to conduct peripheral actions. It acts to induce uterine 
contractions, lactation during breastfeeding, and influence social behavior and wound 
healing by regulating inflammation and decreasing cytokines. Its more unique influence 
is in its contribution to sexual arousal and social bonding. It is believed that oxytocin 
inspires feelings of calmness, security, and trust, while reducing fear and anxiety 
(Campbell, 2008). Such emotional modulations foster romantic attachments and 
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committed relationships during mating. Music-inspired elevations in oxytocin may 
support the evolutionary theory that our sensitivity to music is founded in sexual 
selection and mating behavior (Campbell, 2008). Moreover, its actions operate in parallel 
with stress-activated pathways by inhibiting elements of sympathoadrenal activity.  
In a study conducted by Nilsson (2009a), 40 patients undergoing coronary artery 
bypass grafting (CABG) or aortic valve replacement surgery were monitored to 
determine if music could reduce anxiety in postoperative care. After such an invasive 
surgery like the CABG, postoperative anxiety and stress can prolong a patient’s hospital 
stay. Patients may experience sleep deprivation and an increased sensitivity to light and 
noise. Patients were randomly assigned to either 30 minutes of MusiCure (specially 
designed soothing music) or bed rest. Compared to the control group, the patients in the 
music group experienced higher arterial oxygen saturation (PaO2) levels (p = 0.058) and 
greater significant improvements in subjective relaxation scores over time (p < 0.001). 
More pointedly, patients in the music group demonstrated increases in oxytocin levels 
over time, while the control group experienced decreasing oxytocin levels. These trends 
were statistically significant between the groups, but not within each group. Nilsson 
suggests that there is a causal relationship to these results. Music induces a psychological 
relaxation in patients, which translates into a physical demonstration by releasing 
oxytocin (Nilsson, 2009a). 
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Hypothalamic-Pituitary-Adrenal (HPA axis) 
As part of the neuroendocrine system, the hypothalamic-pituitary-adrenal system 
(HPA) is triggered by increased activity of the sympathetic nervous system. Stimuli such 
as anxiety, depression, feelings of hopelessness and physical, psychosomatic and psychic 
stress can trigger the HPA axis and lead to significant increased levels of cortisol (Nelson 
et al., 2008). Corticotropin releasing hormone (CRH) is released by the hypothalamus to 
stimulate ACTH synthesis and release from the anterior pituitary. It demonstrates a 
diurnal rhythm, with its highest release levels in the early morning and before waking and 
then an exponential-like decrease during the day. However, overwhelming stress 
stimulates CRH release, overriding its natural negative feedback from high levels of 
cortisol. ACTH stimulates the zona fasciculata and zona reticularis in the adrenal gland to 
release cortisol, a stress hormone.  
 Cortisol is a steroid hormone that diffuses immediately into circulation and is 
unaltered by compounds that either increase serum proteins or displace it from the 
binding site on serum proteins. Upon the first incision of surgery, cortisol levels spike 
rapidly and can remain high throughout surgery and for up to a month afterward as part 
of the hypermetabolic response (Nelson et al., 2008). To measure serum concentrations, 
many studies opt to collect salivary cortisol samples, which are an accurate index of 
circulating non-protein bound plasma cortisol. In the body, cortisol has a permissive role 
in the body and maintains stable vital signs during times of prolonged stress. It increases 
the response to catecholamines, blood glucose concentrations, and gluconeogenesis. 
Cortisol also conserves blood glucose by decreasing glucose use and promotes protein 
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catabolism to be converted into glucose, which may increase blood flow. Other effects of 
cortisol include increased fat breakdown, increased central fat deposition, increased anti-
inflammatory pathways, decreased T cell proliferation, and bone catabolism (which leads 
to eventual osteoporosis development). Overall, cortisol plays a crucial role in glucose 
metabolism, inflammation suppression and stress adaption. It is a stress hormone that 
works to conserve glucose and divert energy away from low-priority processes to deal 
with the immediate threats—often leading to a suppressed immune system. Reducing 
cortisol, the quintessential stress hormone, in the body is one of the more primary areas 
of research and music interventions. 
 Music is documented to reduce cortisol levels and to diminish subjective feelings 
of anxiety. In healthy subjects, six minutes of meditative music by Ravi Shankar were 
shown to significantly decrease salivary cortisol levels in young healthy subjects (p < 
0.001) (Mӧckel et al., 1994). In terms of relieving psychological stress, a few studies 
tested the effectiveness of music during mental stress situations. One study consisted of 
17 healthy male university students who were randomly assigned to either a silence or a 
music group (n = 9; mean age = 24 years, SD = 4.2) (Khalfa et al., 2003). Seven students 
were previously eliminated from the study because they exhibited no cortisol response to 
stress. Subjects were administered the validated stress task, Trier Social Stress Test-
TSST, known to induce significant elevations in cortisol levels. Two samples were 
collected after the TSST and every 15 minutes until the end of 45 minute stress recovery 
period. Figure 3 presents the fluctuating concentrations of salivary cortisol over the 
course of the experiment in both the music and the silence condition. Both groups 
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experienced significant increases in salivary cortisol in response to the TSST (p < 0.01) 
within the first 15 minutes. However, the salivary cortisol levels continued to increase in 
the first part of the stress recovery period (after 25 minutes) in the silence group (t (8) = 
2.3; p < 0.5), while the music group did not (p > 0.1). Consequently, salivary cortisol 
levels in the music group returned to baseline faster, reducing the duration of the post-
stress response. In another study where visual stress (video depicting realistic violence) 
was presented to subjects, a similar pattern of cortisol levels occurred. Concentrations 
spiked rapidly with the onset of the stressful stimuli. However, pairing music with the 
stimuli reduced cortisol levels, while levels continued to increase in unmodified 
conditions (Fukui & Yamashita, 2003). These results showed that regardless of whether 
stress was primarily mental or visual, music helps to attenuate cortisol elevations in 
healthy volunteers.  
 
Figure 3. A demonstration of the changing concentrations of salivary cortisol from 20 to 
115 minutes after the subjects’ arrival. The means and standard errors are shown. (** p < 
0.01; *p < 0.05) (Khalfa et al., 2003). 
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Further studies with pregnant women investigated whether music is effective in 
reducing anxiety and mental stress in a clinical environment. During pregnancy, control 
of stress is important to the well-being of the mother and the unborn child. The normal 
physiologic changes a mother’s body experiences already predispose the mother to 
cardiac tachyarrhythmia, increased peripheral resistance, and increased stroke volume. 
Consequently, any added influences—such as excessive antenatal stress and fetal 
exposure to glucocorticoids—will likely lead to occurrences of maternal arrhythmias, 
premature births, low birth weight babies, sudden infant death syndrome, abnormal fetal 
development or maternal mortality (Trappe, 2012; Ventura, Gomes, & Carreira, 2012). 
Nevertheless, treatment of the mother with antidepressants and benzodiazepines can do 
more harm to the fetus, since they easily pass through the placenta. A need for non-
pharmacological interventions such as psychotherapy, massage therapy, yoga and music 
can inhibit sympathetic activity and improve autonomic responses to stress.  
In Ventura’s et al. (2012) study, efforts were made to reduce the stress and 
anxiety of pregnant women receiving an amniocentesis.  A group of 154 pregnant women 
with an average age of 37.8 years and a mean gestational age of 120.4 days awaited 
amniocentesis. Amniocentesis took place between 8:30am - 3:00pm, while patients were 
randomly assigned to either a morning or afternoon group to take into account cortisol’s 
diurnal cycle. For 30 minutes, patients were assigned to one of three conditions: sitting 
and reading magazines, sitting in a waiting room in silence, or listening to relaxing 
music. The four types of music to choose from were light vocals (Enya, Vangelis, Shaina 
Noll), light instrumental (Govi, Vangelis, Diane Arkenstone), classical music (Bach, 
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Wolfgang Schulz, Debussy, Boccherini), or vocal jazz (Chet Baker, Ella Fitzgerald, 
Norah Jones, Julie Longon, Anne Ducros, Louis Armstrong). Blood samples were taken 
before and after the testing period as well as S-STAI and T-STAI scores. Average plasma 
cortisol levels were significantly higher in the morning than in the afternoon (648 vs. 547 
nmol/L, t-test: p = 0.004). It was found that maternal cortisol and state anxiety were 
correlated in the afternoon group (r = 0.25, p = 0.04, n = 66). There was also a larger 
decrease in cortisol levels in the music group compared to the other conditions. A more 
pronounced decrease was seen in the morning group (which may be partially due to the 
body’s natural diurnal cycle). Cortisol levels tended to increase with gestational age (r = 
d0.25, p = 0.002) and decrease with the time of day (r = -0.30, p < 0.001), which 
correlated with the normal diurnal behavior of cortisol in the body. Only minor changes 
in cortisol levels were found in the afternoon, perhaps because the cortisol gradient was 
not larger enough to show significant changes. After multiple regression analysis, S-
STAI scores were shown to be the most important predictor of cortisol (b = 0.007, p = 
0.029). The time of day was the most influential factor in the extent of the variability of 
cortisol levels (no other co-variable like age, gestation, BMI, parity, or trait anxiety was 
influential). The music and waiting room groups were the most significantly different 
groups. The waiting room increased cortisol levels. Ultimately, the most important 
predictors of cortisol changes were, in order, initial level of cortisol, type of relaxing 
intervention, and time of day. Differences among all the groups were globally significant 
(ANOVA F2.151 = 4.5, p = 0.01). Younger mothers with less gestational age were found to 
be the most anxious and presented the greatest response to music intervention, which was 
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confirmed by multiple regression tests. The State and Trait scores were correlated (r = 
0.32, p < 0.001) and younger women tended to have higher S-STAI scores (r = 0.23, p = 
0.005). Lower gestational age correlated with more anxiety (r = 0.18, p = 0.03). The 
music group also saw a greater decrease in state anxiety (p < 0.001), decreasing by -7.6, 
while the waiting room decreased by -4.5. Overall, music is shown to benefit young or 
first-time mothers and helps them cope with anxiety over prenatal medical procedures.  
 Beyond mental stress, Koelsch’s (2011) study explored whether perioperative 
administration of music could curtail cortisol elevations from the physical trauma of 
surgery. The randomized study consisted of 40 patients undergoing elective hip 
replacement surgery under spinal anesthesia and light sedation by target-controlled 
infusion of propofol. Patients were randomly assigned to an instrumental music listening 
group or a non-musical placebo listening group. The music listening group consisted of 
20 subjects (13 females; age range 43 – 92 years, mean age = 67 years). Patients had a 
choice among 15 pieces: J.S. Bach BMV 1049/1, D. Brubeck Quartet “Take Five”; 
O’Stravanganza “Jig Della Inquietude,” Illapu “Las Obreras,” N. Paganini Op.6/3, J. 
Richman “Egyptian Reggae,” F. Kreisler “Libesfreud,” Anonymous “entrée—Courante”, 
L. Armstrong “Indiana,” J.S. Bach BWV 1066/6, Irish Jig (anonymous), Shantel 
“Bucovina,” M. Bruch Op. 26/4. In the auditory stimulus group, 20 subjects (12 females; 
age range = 51-83, mean age = 65 years) listened to non-musical stimuli, like the sound 
of breaking waves. Both groups listened to 2 hours of stimuli before and during surgery. 
During surgery, patients were under light sedation and were able to respond lethargically 
to verbal commands. Moreover, patients completed STAI tests before and after surgery. 
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As a result, patients in the music group had lower propofol consumption and lower 
cortisol levels during surgery. Propofol concentrations were 15% lower than in the 
placebo group. During surgery with regional anesthesia, music helped to reduce stress, 
cortisol levels, and the need for sedative medication. Cortisol levels were lowest during 
surgery in the music group. STAI scores were essentially identical in both groups. ACTH 
levels did not differ much between the groups and IgA levels were not significantly 
different between groups. Music was shown to have stress-reducing effects and prevented 
an anxiety-related increase in cortisol in anticipation of surgical procedure. This study 
had a larger focus on the pre-operative and peri-operative period (Koelsch, 2011). 
 For postoperative treatment, Nilsson (2009b) conducted a similarly designed 
experiment, but focused on the effectiveness of music to subdue the body’s stress 
response after a CABG or aortic valve replacement surgery.  Nilsson randomly assigned 
58 patients to a control group (mean age= 69 years, SD = 7.5) or a music group (mean 
age = 64 years, SD = 11.5). The control group experienced 60 minutes of uninterrupted 
bed rest after surgery, while the music group received 30 minutes of uninterrupted music, 
followed by another 30 minutes of bed rest. The soothing new-age style music was held 
to a tempo of 60-80 beats per minute. Throughout the study, serum cortisol was measured 
along with heart rate (HR), respiratory rate (RR), mean arterial pressure (MAP), arterial 
oxygen saturation (SAO2), and PaO2. Subjective pain and anxiety levels were measured by 
a numeric rating scale (NRS) from 0 = no pain/anxiety to 10 = maximal pain/anxiety.  
Although there were no significant differences between the two groups in HR, RR, MAP, 
PAO2, SAO2 and subjective pain and anxiety levels, there was a significant difference in 
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serum cortisol levels between the groups: 484.4 mmol/L in the music group and 618.8 
mmol/L in the control group (p < 0.02). Music significantly reduced cortisol in 
recovering patients (Nilsson, 2009b). 
 Unlike Nilsson’s study, Good et al.(2012) performed a similar experiment, but 
took cortisol measurements on Day 2 instead of Day 1 of the postoperative period (Good 
et al., 2012; Nilsson, 2009b). Collections of salivary cortisol were not made on the first 
day due to postoperative dehydration and the presence of opioid drugs limiting the 
amount of saliva samples. Saliva was stimulated by lemon juice. A group of 517 patients 
who were to receive abdominal surgery were collected for the sample, while a final 
sample size of 53-83 participants per each group was used for the study. The ages ranged 
from 18-75 years with a mean age of 47 ± 11 years. There were 205 patients who had 
their pre and post-tests in the morning, while 113 had their measured tests in the 
afternoon. All patients were randomly assigned to either receive a relaxation/music 
treatment, a patient teaching management intervention to reduce stress, or a combination 
of both interventions. In the music interventions, patients listened to 20 minutes of 
soothing, instrumental music with a tempo of 60-80 beats/min. Measurements of stress 
and salivary cortisol were taken before and after the 20 minute intervention plans in 
either the morning or afternoon session. Ultimately, no significant effects were found on 
salivary cortisol. None of the interventions attenuated any aspects of the stress response 
in Day 2 of postoperative care, despite previous studies by Good demonstrating 
reductions in pain and cortisol levels on Day 1 in the music condition (Good et al., 2012). 
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There are a variety of reasons for the disparity between Nilsson and Good’s 
studies. By taking measurements on postoperative Day 2, one may miss the highest peak 
of stress-induced cortisol levels. Given enough time after surgery, the body gradually 
returns cortisol levels back to the baseline. Moreover, with the diurnal cycle of cortisol, 
there may not be as large of a cortisol gradient in the afternoon group. If a significant 
decrease exists, it would most likely be seen after the morning surgery when the stress-
induced elevations of cortisol amplify the naturally high levels from the diurnal cycle. 
Even with healthy subjects, there were circumstances in which there were no significant 
changes to cortisol levels after listening to 20 – 60 minutes of music (Kreutz et al., 2004; 
Stefano et al., 2004). Further studies can smooth over some of the irregularities of 
cortisol regulation and factor in a few of these variables. Nevertheless, the general 
consensus is that music remains effective in reducing or preventing the full extent of a 
stress response if administered before and during an uncomfortable circumstance. By 
reducing cortisol levels, music relieves immune suppression and stress-induced 
catabolism in the body. All these effects support patient recovery. 
 
Growth Hormone (GH) 
 In conjunction with the HPA axis, growth hormone is influenced by stress. 
Similar to the cortisol axis, growth hormone releasing hormone (GHRH) is released by 
the hypothalamus (and occasionally PBMCs) and stimulates growth hormone (GH) 
synthesis and secretion from the anterior pituitary. Stress, exercise, fasting, and 
hypoglycemia stimulate GH release. GH is an anabolic hormone that increases intestinal 
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absorption, protein synthesis, gluconeogenesis, lipolysis of triacylglycerols, and 
chondrocyte mitosis and mediates growth-stimulating effects in a wide variety of tissues 
(Yamasaki et al., 2012). GH also exhibits diurnal behavior and is released in episodic 
bursts, with the largest yields in the early hours of sleep. Nevertheless, GH’s largest 
function is being a component of the GH/IGF-1 axis. GH stimulates the liver to release 
the mitogen, insulin-like growth factor 1 (IGF-1). As the primary effector of GH’s 
effects, IGF-1 circulates bound to a protein complex and contributes to cell proliferation 
and development, inhibition of apoptosis, and a variety of other regulatory growth 
processes. IGF-1 may also have a role in the development of diabetes and cancer, 
specifically prostate and breast cancer.  
 With the onset of hypermetabolism, GH exhibits a protective effect by decreasing 
cytokines like, IL-6. After severe injury, GH resistance develops, potentially due to 
decreased expression of the GH receptor gene (Nelson et al., 2008). GHRH may also be 
partially responsible for elevated GH levels; although, it is unknown if it is being secreted 
by hypothalamic neurons or PBMCs during an acute stress response. The GH resistance 
presents with elevated levels of circulating GH and low levels of its peripheral effector, 
IGF-1 (Nelson et al., 2008). Consequently, the high levels of GH expose its ability to 
bind to IL-6 receptors on the surface of inflammatory cells to depress the inflammatory 
response (Yamasaki et al., 2012). Thus, in music intervention experiments, GH 
demonstrates an inverse relationship with IL-6 (Conrad et al., 2007). Techno music 
played to healthy subjects demonstrated a significant  increase in GH levels (F (1,15) = 
5.3, p < 0.05) (Gerra et al., 1998); while soothing Mozart piano sonatas played to 
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critically ill patients caused a significant increase in GH by 60% (p < 0.05), which is seen 
in Figure 4 (Conrad et al., 2007). The difference in music styles appears to induce 
divergent changes in GH level and immune activity. Through the mechanisms of GH, 
soothing music alleviates the wide-ranging effects the body’s stress response on the 
immune system. 
 
Figure 4. Data of relative changes in GH [left], and IL-6 [right] from baseline after either 
a music or control session (Conrad et al., 2007). 
 
Prolactin 
 Prolactin is a peptide hormone released by lactotropes in the anterior pituitary, but 
may also be produced in the mammary glands, uterus, lymphocytes, leukocytes, and 
central nervous system. Normally, its release is tonically inhibited by plasma inhibiting 
factor and dopamine. Consequently, when dopamine levels are low, prolactin levels are 
elevated, serving as an indicator of stress. Increased secretion is often stimulated by 
stress, exercise, estrogen, suckling from a baby and pregnancy. Mildly elevated levels 
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often occur during REM sleep, sexual intercourse, and pregnancy. During pregnancy, 
estrogen stimulates 100 times more prolactin release for mammogenesis and for casein 
and lactalbumin synthesis in the mammary glands (Huron, 2011). At the same time, 
estrogen and progesterone inhibit prolactin’s stimulatory effects on milk production and 
delay lactation until after childbirth. Normal levels of prolactin regulate lactation and 
feelings of sexual gratification and relaxation, counteracting the sexual arousal effects of 
dopamine. Consequently, prolactin is associated with a consoling, homeostatic effect 
during nursing and during psychic pain (Huron, 2011). However, with excessively high 
levels of prolactin during times of stress, gonadotropin releasing hormone (GnRH) and 
follicle-stimulating hormone (FSH) release may be inhibited and the ovulatory cycle may 
be suppressed.  
With the presentation of music, prolactin activity appears to be mainly influenced 
by positive and negative affect conveyed in music. In Mӧckel et al.’s study (1994) with a 
six minute classical modern piece by H.W. Henze, plasma prolactin concentrations 
decreased significantly (p < 0.01) in healthy subjects. The irregular rhythms and 
unfamiliar harmony of the piece appeared to lead to dissonant responses. Subjects had 
little change in mood affect or any other stress hormone level, which may be due to a lack 
of appreciation. The decrease in prolactin suggested a stress-lessening effect (Mӧckel et 
al., 1994). Nevertheless, a systematic review proposes that pleasure can be experienced 
even with sad music (Huron, 2011). High levels of prolactin are associated with a 
pleasurable experience of sad music. Psychic tears often contain high levels of prolactin 
(which are a result and not a cause) (Huron, 2011). Sad affect is evoked through a 
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combination of empathetic responses to melancholic acoustic features (such as low pitch, 
darker timbre, and poor articulation), learned associations, and cognitive ruminations. 
Huron (2011) proposes that there are some benefits to psychic pain, which like physical 
pain, encourages adaptive changes in behavior. According to Alloy and Abramson 
(1979), “depressive realism” is when a person is most realistic and takes time to ruminate 
or re-evaluate personal aspirations. Unlike pessimism, this reality check can provide 
“detail-oriented thinking, less judgment bias, greater memory accuracy, less reliance on 
stereotypes” (Allan, Siegel & Hannah, 2007; Huron, 2011). Excluding individual 
differences, such as personal history or social norms, women generally experienced 
psychic pain more than men, and psychic pain occurrences became more common later in 
life in both genders (Huron, 2011). Ultimately, prolactin exhibits a complex response to 
music, depending on the mood of the music.  
  
Hypothalamic-Pituitary-Gonadal Axis (HPG Axis) 
Sex hormones are the essential origins for the physiological and physical 
differences between males and females. They influence sex characteristics, social 
behavior, and libido. Fluctuating increases and decreases in sex hormones generate 
diverging results in each sex. All effects originate with the HPG axis. The hypothalamus 
releases GnRH in a pulsatile fashion every 1.5 or 2 hours. GnRH release is inhibited by 
negative feedback from testosterone and estrogen, along with cortisol stress and 
extremely high levels of prolactin. GnRH travels to stimulate gonadotropes in the anterior 
pituitary to induce follicle-stimulating hormone (FSH) and luteinizing hormone (LH) 
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synthesis and release. In males, FSH acts on Sertoli cells in the seminiferous tubules to 
induce spermatogenesis and androgen binding protein synthesis. In females, FSH 
stimulates the proliferation of granulosa cells in the ovary and the activity of aromatase, 
which is a key enzyme in the biosynthesis of estrogen. In terms of LH, it promotes 
testosterone production in the Leydig cells of the testis and estrogen production in the 
theca interna of the ovary. Overall, the HPG axis leads to the release of sex steroid 
hormones testosterone and estrogen. With the presence of stress, the HPA axis crosslinks 
with the HPG axis. Increased levels of ACTH work to produce a small amount of 
testosterone in the adrenal glands and to inhibit GnRH production, suppressing sexual 
behavior (Fukui & Yamashita, 2003). Yet, information is still unclear about gender 
differences in humans compared to animals. Subsequently, gender differences to stress 
response are poorly understood as each sex reacts in variant manners.   
 With increasing age, sex hormone levels in both sexes gradually decrease. A 
reduction in estrogen levels is especially significant with the presentation of osteoporosis 
in post-menopausal women. In Alzheimer patients, levels of sex hormones are 
significantly lower (Fukui, Arai, & Toyoshima, 2012).  Both cases often prompt the need 
for hormone replacement therapy (HRT). However, HRT gives way to adverse side 
effects. Estrogen replacement therapy increases the risk of carcinogenicity in females and 
feminization in males. And, although not as commonly prescribed, androgen replacement 
therapy increases the risk of prostate cancer, elevated cholesterol, acne, and alopecia 
(Fukui, Arai, & Toyoshima, 2012).  
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 Consequently, some research is focused on taking advantage of the long-standing 
relationship between music and sex hormones. Music inspires a range of human emotions 
and influences spatial perception, cognition and sex hormone levels. Some scientists 
suggest that music contributed to early human evolution in sexual selection. Musical 
expression may have been used to attract reproductive suitors and to engage in mating 
courtships. In response to music, there are a few gender differences. Previous studies 
reveal that females are more sensitive to changes in sex hormones and to the emotional 
impact of music. More frequently than males, females identify sensations such as “chills” 
after listening to sad music (Panksepp & Bernatzky, 2002). Further knowledge about the 
sex differences will facilitate personalized music therapy in the future. 
 
Estrogen 
 Estrogen is a crucial component in the body. Produced primarily in the ovaries 
and the placenta during pregnancy and minimally in the liver, adrenal glands and breasts, 
estrogen facilitates a variety of processes in both sexes. As a key sex hormone in women, 
it regulates the menstrual cycle, pregnancy, female genitalia development, adult libido, 
mental health, and supports the actions of prolactin. Other significant actions include 
protecting immune function by protecting nerves and controlling cell proliferation; while 
delaying the onset of osteoporosis by depressing bone resorption and counteracting 
actions of the parathyroid hormone (Fukui et al., 2012). 
 Estrogen improves cognitive function by increasing cholinergic activity in the 
brain (Fukui et al., 2012). It stimulates axonal budding and dendrite formation, while 
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retarding cerebral arteriosclerosis. Overall, it delays the onset of dementia. In Alzheimer 
patients, estrogen helps decrease the β-amyloid peptide content in neurons and protects 
the body from its neurotoxicity (Fukui et al., 2012). It suppresses the increase and 
deposition of β-amyloid and prevents nerve damage. It proves to be an effective treatment 
and prevention in female Alzheimer patients. In Fukui’s (2012) study, six female 
Alzheimer patients (ages range = 67-90 years; mean age = 81.8 years) were chosen to 
take part in a music intervention experiment. Twelve songs were selected, sung by the 
therapist, recorded, and played to the patients. The patients were then given each of three 
conditions: music listening, therapy-only (in which patients were questioned about their 
health and mood), combination therapy with music and a therapist. Subjects’ behaviors 
were monitored for each condition over the course of three consecutive days (the day 
before, the day of the session, and the day after), while 17β-estradiol (the potent and 
predominant form of estrogen) levels were monitored over a month. In the music 
listening condition, 17β-estradiol was found to increase significantly, especially after the 
combination therapy condition. A two-way ANOVA showed a main effect of changes in 
17β-estradiol level (p = 0.0026). There was a main effect of group (p = 0.0389) and 
interaction with group (p = 0.0177). Overall, the music therapy condition—a combination 
of music and therapeutic help had the greatest effect on increasing 17β-estradiol level in 
Alzheimer patients (Fukui et al., 2012). 
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Testosterone 
Testosterone is a major sex hormone in males, although it is present in small 
concentrations in females. It is secreted by the testicles of males, by the ovaries in 
females, and, in small amounts, by the adrenal glands upon stimulation by ACTH and the 
HPA axis (Fukui & Yamashita, 2003). It is often reduced into its more potent form, 5α-
dihydrotestosterone (DHT). In males, it controls the development of male genitalia, 
secondary sexual characteristics and adult libido. Females tend to be more sensitive to 
changes in testosterone levels in their body (Fukui & Yamashita, 2003). 
 Testosterone (T) and other androgens (enanthate, methyl testosterone, 
epitestosterone) have nerve-protecting action in addition to its sex hormone functions. It 
suppresses nerve apoptosis and protects nerves. There appears to be a strong relationship 
between T and distinct portions of the brain that control cognition and memory.  In a 
mouse model, T increased NGF and p75 nerve growth factor receptor, while decreasing 
β-amyloid peptide in mice with Alzheimer’s disease (Fukui et al., 2012). And yet, 
androgen replacement therapy is not typically administered to Alzheimer patients. 
However, music induction can increase T levels organically. After listening to music and 
working with a therapist, T concentrations increased in female Alzheimer patients. Its 
elevation was significant with the two-way ANOVA with a main effect of group (p = 
0.05), main effect of changes in T level (p = 0.0066), and interaction group (p = 0.0063) 
(Fukui et al., 2012). 
A previous study exposed the differences between T levels and gender with music 
stimulation. With 70 healthy subjects (35 females; age range = 19-25, mean age = 21 
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years), 40 of them were music majors. The subjects were broken up into music groups of 
10 and were assigned to listen to 30 minutes of one of the six music choices: favorite 
music (Japanese or American pop music), Gregorian chant (Canto Gregoriano), Mozart 
(Sonata in D Major), Jazz (pieces from “100 Gold Fingers,” or popular music (pieces 
from “The Swinging Star.” Meanwhile, twenty subjects did not listen to any music at all. 
Saliva samples of free T were collected and assessed by radioimmunoassay to embody 
serum levels. The experiment was carried out between 2:00pm and 5:00pm due to the 
diurnal variation in T secretion. As a result, T levels in the subjects decreased in the 
music conditions compared to silence, but not significantly. However, there were 
significant differences between genders. Testosterone decreased in males under all the 
music conditions (p <0.0001), while it increased in females (p = 0.0007). In both of the 
sexes, main effects of stimuli were significant (males, F = 23.224; p < 0.0001) and 
females, F = 8.429; p < 0.0001) (Fukui, 2006). When presented with visual stress, such as 
violent documentary scenes, a similar pattern of T occurred in males and females. Shown 
in Figure 5, the effect of sex was significant (F (1,20) = 19.882; p = 0.0012) in the music 
groups with testosterone decreasing by 14% in males and increasing by 21% in females 
(Fukui & Yamashita, 2003). Males respond to psychosomatic stress, psychic stress, or 
anticipation of stressful events, or during and after submaximal exercise with decreased 
T, while females experienced an opposite or unchanged effect. 
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Figure 5. Depicts the percentage change of testosterone in males and females in the music 
condition. There appears to be a significant primary effect of sex as T decreased by 14% 
in males and increased by 21% in females (Fukui & Yamashita, 2003). 
 
 Sex differences in T levels may have evolutionary origins. T has a bidirectional 
interaction with behavior, such as libido, activity level, sensation seeking, dominance in 
animals and human beings, and aggressiveness. Therefore, the influence of music on 
testosterone levels may have an evolutionary function to control sexual and aggressive 
behavior. Music during courting ceremonies leads to T decreases in males. This reduction 
was necessary to decrease aggression, avoid confrontation, adapt to a monogamous 
relationship and reinforce social bonds. It allowed males to transition from competing for 
a mate to settling into partnership. As for females, the increased T levels may arouse 
feelings of assertiveness, motivation, and sexual arousal to complement the behavior of 
males. Testosterone acts to ease strain or tension, strengthen social bonds, arouse 
pleasure and ecstasy, and bring cohesiveness among people (Fukui, 2006). 
Testosterone correlates with other factors as well. A strong relationship between 
musical talent or spatial cognitive ability and testosterone exists.  Male composers exhibit 
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relatively low T levels, while experienced female composers have moderately higher T 
levels (Fukui & Yamashita, 2003).  Concentrations vary proportionally with increasing 
musical ability. In addition to talent, testosterone demonstrates a strong positive 
correlation with cortisol in male subjects, while females displayed a negative correlation. 
Evidently, there is a partial stress-like response to music even though it’s an enjoyable 
stimulus (Fukui & Yamashita, 2003). Subjective perception provides a reasonable 
explanation for slight deviations in testosterone levels in the presence of music. 
 
Other Potential Hormones 
 The extent to which music influences endocrine hormone activity is still being 
explored. The wide range of reviewed literature is presented in Table 1
1
. Nevertheless, 
there are still some studies that have found significant changes in other hormones as well. 
In one case, waltz music led to an increase in atrial filling fraction and significant 
increases of atrial natriuretic peptide (p < 0.05), which results in vasodilation and lower 
blood pressure (Mӧckel et al., 1994). Meditative music caused significant decreases in 
tissue plasminogen activator (protein involved in degrading blood clots) levels (p < 0.05) 
(Mӧckel et al., 1994), while another study goes as far to state that melatonin levels 
significantly increased in Alzheimer patients after morning music therapy sessions 
(Kumar et al., 1999). Melatonin regulates sleep-wake cycles and circadian rhythms. It has 
been proposed that it helps prevent the onset of Alzheimer’s disease by reducing the 
formation of β-amyloid plaques. There is no doubt that the relationship between music 
                                                          
1
 See Appendix. 
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and the endocrine is complex and involves a variety of processes and pathways. Further 
research may provide a more comprehensive understanding and broaden the scope of 
medical areas music may benefit.  
 
 
Influence on Hemodynamics 
 Music’s strong influence over the autonomic activity makes it a major contributor 
to cardiovascular modifications. As an auditory stimulus, music works to either 
upregulate or downregulate the sympathetic and parasympathetic tones. It is processed by 
the central nervous system, which sends out efferent signals and neurotransmitters to 
induce change. These changes have profound outcomes in heart rate, blood pressure, 
respiratory rate, and heart rate variability. The ability to control autonomic activity allows 
music to be utilized for postoperative recovery, analgesics, anxiolytic effects, and 
management of cardiovascular diseases.   
 Music’s effects are measured based on its influence on heart rate variability 
(HRV). HRV is the variation in the beat-to-beat intervals of the heart, which is seen by 
recording RR intervals (R wave to R wave) on an ECG. It is considered a non-invasive 
“standard method for assessing quantitative markers of cardiac autonomic activity,” 
including sympathetic and parasympathetic activity (Chang, Luo, & Yeh, 2004; 
Yamasaki et al., 2012). Heart rate is predominately controlled by parasympathetic and the 
sympathetic input signals to the sinoatrial node, but it also influenced by other factors 
such as the baroreflex, respiration, hormones, and stress. Fluctuations in heart rate and 
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HRV can be due to respiratory sinus arrhythmia, which is associated with increased heart 
rate during inhalation and decreased heart rate on exhalation. Alternatively, low 
frequency oscillations in heart rate are due to Mayer waves (0.1 Hz in 10 second period) 
of arterial blood pressure due to baroreceptor and chemoreceptor reflexes (Chang et al., 
2004; Iwanaga et al., 2005). HRV is a ratio of its low frequency (LF) to high frequency 
components (HF). Parasympathetic and vagal inputs are the main effectors over the SA 
node and HRV. An increase in parasympathetic activity is characterized by an increased 
HF component and a subsequent decreased HRV. The HF component is the most 
sensitive to music and variations in respiration. On the other hand, LF represents 
sympathetic activity and increases HRV (or the LF: HF ratio). Therefore, moments of 
emotional strain, stress or hypertension is often associated with increased sympathetic 
activation and low HRV (Chang et al., 2004). Reduced HRV is often reported in 
cardiovascular diseases and diabetes and correlates to reduced lifespan. A healthy 
individual is expected to have a greater amount of variability in a dynamic system to 
react to any external or sudden changes (Iwanaga et al., 2005). Overall, HRV is a proven, 
quantifiable method to analyze the relationship between music and physiological 
responses (Chang et al., 2004). 
To better understand the relationship between the HF and LF component to 
musical input, Iwanaga et al. (2005) exposed 13 undergraduate and graduate students to 
each of the three conditions of sedative music, excitative music and no music during 
separate days. Sedative music was characterized as melodious, delicate, soft and beautiful 
and was represented by the orchestral rendition of Erik Satie’s “Gymnopedie No.1” 
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arranged by Claude Debussy; excitative music was characterized by the rhythmic and 
dynamic brass and percussion elements of Igor Stravinsky’s “Sacrificial Dance” from 
The Rite of Spring. Each session consisted of listening to a 275-second phrase four times, 
separated by 25 seconds of silence. Results showed that sedative music elicited high 
relaxation and low tension. However, there was no significant difference between 
sedative music and no music. Results are detailed in Figure 6 and Figure 7. The LF 
component and the LF/HF ratio increased in the presence of music, but not in the control 
condition. The HF component was higher in the sedative music condition than the 
excitative music condition, but was not different from the silence. This may indicate that 
the presence of musical stimuli activates the sympathetic nervous system to a degree. The 
HF component was decreased upon stress or uncomfortable stimuli. Therefore, it was 
shown that sedative music does not increase parasympathetic activity, but excitative 
music decreases parasympathetic activation and subsequently, the HF component. After 
repeated exposure, the HF component in both the sedative and excitative music 
conditions gradually increased, but not significantly. For excitative music, it appears that 
repetitive exposure may induce relaxation mentally and physically after a while, in 
comparison to its initial effect of evoking tension and decreasing parasympathetic 
activation. There was no difference between the cardiac effects of sedative music and 
silence. This may be due to differing balancing of various inputs. In the midst of silence, 
there is an increase in parasympathetic activity and a decrease in sympathetic activity. 
Yet, with music stimuli, there is an increase in both parasympathetic and sympathetic 
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function (Iwanaga et al., 2005). Overall systemic effects are the result of a balance 
between both nervous systems.  
 
Figure 6. Demonstrates changes in the low-frequency component of HRV with either 
excitative (EM), sedative (SM) or no music (NM) (Iwanaga et al., 2005). 
 
 
 
 
Figure 7. Demonstrates changes in the low-frequency component of HRV with either 
excitative (EM), sedative (SM) or no music (NM) (Iwanaga et al., 2005). 
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Music Profile and Tempo 
The elements of a music profile are important to inducing autonomic 
psychophysiological responses. People respond to the combination of features, such as 
tempo, rhythm and harmony, which are necessary to convey emotions of happiness or 
sadness. Composer Ferruccio Busoni stated that “movement and repose, minor and 
major, high and low, in their customary significance, round out the list. These are 
auxiliaries, of which good use can be made upon a broad canvas, but which, taken by 
themselves, are no more to be called music than wax figures may pass for monuments” 
(Albright, 2004). Each element contributes to the aesthetic composition of music that 
awakens such an emotional and physiological response in listeners. 
A study by Khalfa et al. (2008) explored how perceived happy and sad music 
could influence variant responses in subjects. There were 50 young adults (mean age = 
21.6 ± 2.7 years) without formal musical training assigned to listen to a tempo-alone, 
rhythm-alone, happy, and sad condition. The melodic stimuli consisted of six excerpts of 
a 15 second duration (“Adagio in G minor” by Albinoni; “Concerto d’ Aranjuez” by 
Rodrigo; “Peer Gynt Suite No. 2” by Grieg; “Le carnaval des animaux, Finale” by Saint-
saens; “Concerto No. 23, 3rd movement” by Mozart; “Eine kleine Nachtmusik, 1st 
movement” by Mozart) (Khalfa et al., 2008). Edited versions of these excerpts created 
happy-rhythm, sad-rhythm, happy-tempo, and sad-tempo control conditions. 
Traditionally, the major mode is characterized as “bright, assertive, cheerful, male and 
the minor mode the opposite of these traits—shadowed, oblique, sad, female” (Albright, 
2004). Therefore, the conveyed happy music was characterized with a major mode and a 
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fast tempo (136 beats/min.) and a range of 110-154. In contrast, the sad music consisted 
of a minor mode and a slow tempo (52.3 beats/min) and a range of 40-69. Happy and sad 
music incited significantly different changes in diastolic blood pressure, electrodermal 
activity and zygomatic activity. Positive and happy music elicited larger changes in 
diastolic blood pressure (p < 0.05) and zygomatic activity (p < 0.05) than in sad or 
negative excerpts. Happy music prompted higher sympathoadrenal arousal responses, 
including heart rate, respiration rate, skin conductance and zygomatic electromyographic 
reactivity. The tempo and rhythmic control versions did not elicit any physiological 
differentiations. As standalone elements, they were not able to convey emotions of 
happiness or sadness without tonal variation. However, they were able to elicit differing 
relaxing or stimulating responses. It was only in the fast tempo, beat-alone condition in 
which respiration increased with faster tempi. There was a significant relationship 
between tempo and respiration rate (Khalfa et al., 2008). 
Tempo has an inherent influence over cardiophysiology and contributes to the 
emotional profile of a piece. A faster pace can arouse feelings of arousal, excitement, or 
even fear and anxiety.  Meanwhile, a slower tempo typically conveys a more relaxing, 
soothing and reflective affect. In a study with 32 healthy subjects, eight pop and rock 
songs were played in 2.5 minute sessions as subjects conducted office tasks. The music 
was categorized based on tempo (slow/fast), mode (major/minor), percussiveness 
(low/high). With increasing tempo, there was an increased report of arousal and tension 
and a decrease in heart variability. There was also a significant multivariate effect of 
tempo (F (4,28) = 7.22, p < 0.001, η2 = 0.51). Moreover, greater arousal was reported 
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during minor rather than major mode songs. On the other hand, with an increase in 
percussiveness, the level and frequency of skin conductance responses also increased 
(Zwaag et al., 2011).  
In a more extensive experiment, 24 subjects (12 musicians, 12 non-musicians, 
average age = 23-25 years) were selected to listen to 2 minute periods of six different 
types of music. The options consisted of slow classical, fast classical, techno, rap, raga 
(Indian) and dodecaphonic (a twelve-tone technique devised by Arnold Schoenberg 
without emphasis on any single note and thereby avoiding a key). With the wide variation 
in harmonic, melodic, rhythmic structure and tempo, Bernardi et al. (2006) hoped to 
pinpoint specific physiological responses in the form of blood pressure, mid-cerebral 
artery blood flow velocity, heart rate, breathing rate, tidal volume, minute ventilation and 
end-tidal carbon dioxide. Listening to music activated sympathetic activity and increased 
heart rate, breathing rate, blood pressure, and LF: HF. All of these physiological 
conditions increased proportionally to increasing tempo and potentially to the complexity 
in the rhythm or syncopation. What is more significant is the presence of a relaxation 
effect that differed from the arousal stage of music listening. In a second music listening 
session, 4 minute period sessions of music were played, separated by 2 minutes of 
silence. Bernardi et al. (2006) recorded the lowest systolic and diastolic blood pressure 
values, heart rate, minute ventilation and highest end tidal carbon dioxide during the 
silences. The absence of auditory stimuli produced the most profound relaxation effect 
when preceded by music (Bernardi, Porta, & Sleight, 2006). Recalling Iwanaga’s et al. 
(2005) study, music stimuli activate the sympathetic nervous system to a degree. 
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Consequently, the absence of a stimulus increases parasympathetic activity and decreases 
the sympathetic activity (Iwanaga et al., 2005). 
The correlation between music and cardiophysiology demonstrates the possibility 
for entrainment between external music and cardiorespiratory responses. Entrainment is 
the body’s natural predisposition to synchronize its internal environment with the 
external. Music can be used to stabilize the natural rhythm of the human heart (Krout, 
2007). People have a natural penchant to prefer music with a tempo in sync with their 
core rhythms, ranging from 70 to 100 cycles per minute (Iwanaga, 1995).  In a study with 
14 undergraduate women, each were presented with a musical piece and asked to adjust 
the tempo according to their liking. Most preferred a tempo close to a normal adult heart 
rate, while a tempo that was one and a half to twice as fast was least preferred. A 
descending tempo was preferred over an ascending one (Iwanaga, 1995). This finding 
was supported by Gerra et al (1998)., in which the fast paced tempo of techno music 
induced an increased heart rate (F (1,15) = 9.2; p < 0.01) and systolic blood pressure (F 
(1,15) = 6.4; p < 0.05) (Gerra et al., 1998). Subjects reported a stressful effect with 
feelings of anxiety and a ‘sense of urgency.’ Fast music proved to be a powerful 
stimulant of the norepinephrine system and the HPA axis. Tempo entrainment was also 
found in the beat-alone condition in Khalfa’s et al.(2008) study and resulted in a 
significant increase in respiration rate (Khalfa et al., 2008). 
 An additional study by Bernardi et al. (2009) investigated how the complete 
music profile affects 12 musicians and 12 non-musicians (mean age = 25 years). The 
music choices were vocal (Puccini’s “Turandot”) or orchestral (Beethoven’s Ninth 
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Symphony) progressive crescendos, more uniform emphasis (Bach’s Cantata BWV 169 
“Gott soll allein mein Herz haben”), 10-second rhythmic phrases (Verdi’s arias “Va 
pensiero” and “Libiam nei lieti calci”) or silence. Heart rate, respiration, blood pressure, 
middle cerebral artery flow velocity, and skin vasomotion were measured (Bernardi et al., 
2009). Bernardi et al. (2006) previously uncovered the proportional relationship between 
tempo and cardiophysiology responses (Bernardi et al., 2006). In this study, 
cardiorespiratory fluctuations and skin vasomotion, changed with the music profile, 
especially with crescendos. Vocal and orchestral crescendos significantly induced 
progressive vasoconstriction of vessels in the skin and an increase in blood pressure 
proportional to the music (p = 0.05 or better). In contrast, the uniform music produced 
skin vasodilation and decreased blood pressures. The Verdi arias mimicked Mayer waves 
(0.1 Hz in 10 second period) and entrained cardiovascular changes (Bernardi et al., 
2009). The synchronization of cardiovascular and respiratory modulations to the music 
profile demonstrates an ability to modulate basic rhythms. Such a rapid response suggests 
a central entrainment and not a humoral response. 
 
Anxiolytic Effects 
 With the onset of psychological or physical stress, sympathoadrenal activity 
escalates stress hormones that often lead to elevated heart rate, respiratory rate and blood 
pressure. To relieve the anxiety of demanding situations, studies examine whether music 
can effectively return cardiovascular changes back to baseline levels. 
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 In a study dealing with cognitive stress, 75 undergraduate students were observed 
as they handled a stressful situation. Subjects were asked to complete arithmetic 
problems while being verbally harassed by an experimenter. In the 10 minute recovery 
period, students experienced either silence or one of the three music conditions: classical 
(“Canon” by Pachelbel; “The Four Seasons Spring, Movement 1” by Vivaldi), jazz 
(“Flamenco Sketches” by Miles Davis), or pop (“Angel” by Sarah McLachlan; “Crash 
into Me” by Dave Matthews Band). Diastolic and systolic blood pressures were 
measured. The music condition significantly reduced systolic blood pressure (F (4,70) = 
2.69, p < 0.04). Classical music, in particular, returned systolic blood pressure closer to 
baseline than silence (Post hoc Tukey HSD, p < 0.03). In this study, music reduced the 
amount of time the cardiovascular system is elevated, even if the music session does not 
occur at the time of the stressful event (Chafin, 2004).  
 To medically treat patients, it is sometimes necessary to administer uncomfortable 
medical procedures or invasive surgery. Anxiety and physical stress can delay recovery 
and restoration of stable vital signs. With patients who require mechanical ventilation by 
endotracheal intubation, the unpleasant medical device impedes communication with 
family members and health care providers. Patients often experience depression, 
delirium, anxiety, discomfort, and sleep disturbances. Anxiety-reducing music is 
characterized by “simple repetitive rhythms, predictable dynamics, low pitch, slow 
tempos, the consonance of harmony, a lack of percussive instrumentals and vocal 
timbres” (Lee et al., 2005). A sample of calming music is administered for 30 minutes in 
a study by Lee (Lee et al., 2005). There were 64 ventilator-dependent patients (mean age 
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= 69.4 years) randomly assigned to a control group or a 30-minute music session. 
Anxiety level was measured by C-STAI (C = Chinese) scale in Chinese patients, along 
with heart rate, respiratory rate, systolic and diastolic blood pressure. The study found 
significant differences in the pre- and post-tests of RR and HR. The music group had a 
higher decreasing rate between both values. Also, HR (p = 0.003), RR (p < 0.001), SBP 
(p = 0.001), and DBP (p = 0.002) decreased significantly in the music group (Lee et al., 
2005). 
 Music may also be used in perioperative conditions, such as in the intracardiac 
catheterization of 83 patients (66 ± 11 years).  In the Argstatter et al. (2006) study, 
patients were randomly assigned to a standard care control group, a music exposure 
group, or a coaching group throughout the procedure. Psychological traits were surveyed 
by the Symptom Check List according to Derogatis, Hospital Anxiety and Depression 
Scale, S-STAI and a Visual Analogue Scale to determine the immediate reactions of 
patients. All patients experienced significantly reduced STAI values in reference to their 
pre- and post-tests, which is shown in Figure 8. However, there were no significant 
differences in heart rate or systolic and diastolic blood pressure. 40% of the patients 
displayed high impact characteristics on the psychological scales and exhibited greater 
strain. Women reported strain about three times as men. Clearly seen in Figure 8, the 
music intervention served the most beneficial effect on the high impact group.  Music 
significantly reduced subjective anxiety levels (Scheffé post hoc tests, p = 0.098) 
(Argstatter, Haberbosch, & Bolay, 2006).  
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Figure 8. The pre- and post- S-STAI scores are shown by impact group and intervention 
group (control, music exposition, or coaching) (Argstatter et al., 2006). 
 
 Nevertheless, with perioperative music interventions, there is a limit to its effects 
when it comes to general anesthesia. In a demonstration by Migneault et al., 30 female 
patients who were to receive abdominal gynecological procedures while under general 
anesthesia were examined. Hemodynamic data and consumption of morphine were 
recorded, along with any changes in epinephrine, norepinephrine, cortisol, and ACTH 
blood levels. During the medical procedures, a surgical anesthesia was maintained (BIS
2
 
                                                          
2
 BIS is the bispectral index that monitors the depth of anesthesia. 
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value between 50 and 60 for an average end-tidal concentration of isoflurane between 
0.7% and 0.8% in air and oxygen). For the experimental group, music was only played 
during the surgery and not before or after. As a result, there were no significant changes 
or differences in any of the measurement values (Migneault et. al., 2004). It appears that 
there is a conscious element to processing music. It does not merely require sensory 
perception, but also an emotional response to propagate cardiophysiological changes.  
 During postoperative care, music’s anxiolytic effects assuage anxiety and 
facilitate the recovery from CABG and valve replacement surgeries. Music provides 
hemodynamic stability, abridged hospitalization periods, and a substitute for sedative 
medication. In one study, sixty adults over the age of 65 years old undergoing CABG and 
valve replacement surgery were randomly assigned to a control or a music group. S-STAI 
values and intubation times were surveyed after surgery. For the experimental group, 
self-selected music played continuously during surgery and in postoperative intensive 
care. Patients in the music group had significantly lower anxiety scores (F = 5.57, p = 
0.022) and less postoperative intubation time (F = 5.45, p = 0.031) (Twiss et al., 2006). A 
comparable study with 58 patients undergoing similar surgeries were given either 60 
minutes of uninterrupted bed rest or 30 minutes of bed rest followed by 30 minutes of 
relaxing, new-age style music in postoperative care. Subjective pain and anxiety levels 
decreased in both groups. Ultimately, there were no significant differences in any of the 
measurements between the two groups at any time. Yet, compared to baseline values, 
there was a significant decrease in RR (p < 0.005) and MAP (p < 0.002) in the music 
group, but not in the control group (Nilsson, 2009b).  
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Music’s effects on reducing anxiety appear effective in dealing with invasive 
medical procedures. Results remain inconsistent in regards to managing heart rate, 
respiratory rate, and blood pressure with music interventions. A standardization of 
experimental methods, types of music, amount of sedative medication, and duration of 
music may provide a more generalized conclusion.  
 
 
Inter-Individual Differences and Types of Music 
 The aesthetic nature of music stirs various emotions in each person. General 
trends to specific types of music are often seen. However, variables regarding 
personality, temperaments, familiarity, music preference and diversity of music account 
for discrepancies in experimental results. Awareness and further research of these 
individual characteristics can advance future experiments and improve clinical music 
interventions. 
  
Personality and Temperament Differences 
To understand how an individual’s character influences his or hers perception of 
and predisposition for different types music, trait theory measures the personality of 
subjects. One measurement of traits is the Five Factor Model based on the Big Five 
personality domains—extraversion, agreeableness, conscientiousness, neuroticism, and 
openness to experience. In a study with 67 university students (age range = 18-42 years; 
mean age = 25.2 years, SD = 3.93), all the students were characterized by the Five Factor 
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Model and also by the Profile of Mood States-Adolescents questionnaire, which assesses 
mood as vigor, confusion, anger, fatigue, depression or tension. A selection of 50 film 
music excerpts expressing anger, fear, happiness, sadness and tenderness were played for 
15 seconds for a total duration of about 13 minutes. Subjects were asked to rate perceived 
and felt emotions along with preferences. The two major statistically significant findings 
were that neuroticism correlated positively with sadness (r = 0 .25, p < 0.05) and 
extraversion correlated negatively with sadness (r = - 0.27, p < 0.05) (Vuoskoski & 
Eerola, 2011). With certain personality traits, people are predisposed to related mood 
states experienced through the music. Extroverted personalities tend to experience 
positive emotions, while neurotic personalities will experience more negative emotions, 
such as depression, anger and anxiety. The evident correlation between trait and mood 
provides information for a subject’s perception and music preference. 
An alternative model is the Temperament and Character Inventory, which labels 
subjects into three personality dimensions. Using the Three-Dimensional Personality 
Questionnaire derived by C. Cloninger, Gerra et al. (1998) explored potential associations 
with techno and classical music to personality and temperament. Subjects were 
categorized as one of the following: novelty-seeking (NS, low dopaminergic activity, 
impulsive, excitable, quick loss of temper, extravagant in approach to reward cues), 
reward-dependent (RD, low adrenergic activity, responds greatly to signals of reward and 
social approval, pursues behaviors associated with rewards), and harm-avoidant (HA, 
high serotonergic activity, excessive worrying, pessimism, shyness, fearful, doubtful, 
easily fatigued, fear of uncertainty). In addition, the Buss-Durkee Hostility Inventory was 
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administered to subjects to measure temperament and aggressiveness. Techno music had 
a positive correlation with NS subjects and a negative correlation with HA scoring 
subjects. It also had a negative effect on those with lower impulsivity and lower risk-
taking tendencies (Gerra et al., 1998). The connection among personality, temperament 
and type of music factors into emotional and physiological responses. 
Moreover, it is important to evaluate a patient’s coping mechanism to understand 
if music is the best intervention. As proposed by Argstatter et al. (2006), there are two 
types of coping mechanisms used by patients during difficult or uncomfortable medical 
procedures. There are “blunters” who prefer distractive strategies to deal with difficult 
situations and “monitors” who are information-seeking and prefer informed details about 
what is about to occur. Consequently, the former often reap the most benefit out of music 
interventions in reducing anxiety and the need for sedative medication (Argstatter et al., 
2006). Music can distract patients and alter their mood states if they are open to it.  
 
Music Preference and Conditioning  
There is uneven information about the importance of music preference. Some 
studies have seen little to no significant effect, while others find that preferred music has 
the greatest effect on physiological responsiveness and that it leads to a greater relaxation 
response the longer it is played (Krout, 2007). Considering the evident link among 
personality, emotions, and music, it is reasonable that preference also plays a major role. 
One phenomenon suggested by Chafin (2004) is the prospect of classical conditioning 
(Chafin, 2004). For instance, film music was specifically chosen for Vuoskoski’s and 
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Eerola’s experiment with music and personality because of its high degree of emotional 
content. When a person hears a familiar film score, he or she senses the emotion 
conveyed through its musical profile. But in addition, a person recalls visual images and 
scenes and the mood state of the characters. Film music conditions an emotional response 
in its listeners. Other songs may also produce this effect. To some, a compositionally sad 
piece may stimulate happiness in a listener due to a past memory or personal experience. 
A more general example is holiday music. Right after Thanksgiving, classic holiday and 
Christmas songs play on the radio, on the television and in commercial areas for two 
months. To some, these holiday songs conjure warm, cheery feelings, while others 
experience annoyance or even despondency. Without knowing about these individual 
preferences, disliked or perceived unpleasant music can lead to unintended side effects, 
like increased endogenous opioid peptides and 5-HT levels (Evers & Suhr, 2000; Gerra et 
al., 1998). People learn to emotionally respond to specific songs or music genres in 
unique ways. Consequently, it is an intriguing question to see if these personal 
associations are strong enough to lead to divergent physiological responses.  
 
Type of Music  
In a review by Trappe (2012), music genres are characterized by their inherent 
qualities and potential uses. Music by Mozart, Bach and any Italian composer most 
benefits those suffering from pain, anxiety, depression, and sleep disturbances. The slow 
and soft sounds of meditation music provide sedative effects, while the free form of jazz 
appeals to all the senses, (although it requires a higher degree of attentive listening). 
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Popular music is stimulating and motivating with its harmonic melodies and Latin 
American music induces movement and jovial spirits with its strong rhythmic patterns. 
Folk music is embedded with socio-cultural elements, which enriches the mind and 
inspires encouragement and confidence. The strong rhyme structure of hip hop and rap 
finds its power in its words and less on the overall music profile (Trappe, 2010). Finally, 
Trappe suggests that heavy metal and techno are ineffective for improve recovery after 
cardiovascular surgery, and in some cases, dangerous to the patient’s health. Both genres 
increase heart rate and blood pressure and support feelings of rage, aggression, and 
disappointment. Such effects could prove fatal to patients immediately recovering from 
cardiovascular surgery (Gerra et al., 1998; Trappe, 2012). 
Although this classification is representative, it ignores the diverse spectrum of 
music. Unfortunately, many studies have fallen to the “Mozart effect.” To many studies, 
classical music and Mozart’s in particular, is considered to yield the best results in music 
interventions in reducing symptoms of stress and improving cognitive performance. 
Some believe Mozart’s compositions contain the characteristics and universality to foster 
creative processes and to stimulate the brain. However, as Montinaro remarks, “it is the 
incomplete musical knowledge of researchers and the great notoriety and familiarity of 
the vast production by Mozart…[have] led to the identification of a Mozart effect rather 
than a Haydn effect or Vivaldi effect or Mendelssohn effect” (Montinaro, 2010; Cervellin 
& Lippi, 2011). The popularity of Mozart has elevated its status over other composers or 
even over other types of music. A narrow-minded and elitist perspective limits 
researchers from uncovering the benefits of other types of music beyond classical. 
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Generational biases can factor in the choice of music for experiments and lead to 
unintentional disparities among researchers, patients, and healthy human subjects.  
Moreover, the impact of lyrics in vocal music may contribute alternative physiological 
outcomes in comparison to strictly instrumental music. Genres such as hip-hop, reggae, 
Motown, R&B, folk, country, Latin, trance, electronic, and rock and its many subgenres 
(classical, blues, progressive, alternative, punk, ska, etc) may have elements that benefit 
listeners. There are individual artists and songs that convey a variety of emotional cues 
that crossover genres or contradict a genre’s ‘stereotype.’ Absolute or inflammatory 
statements, like Trappe’s assertion that heavy metal and techno “are not only ineffective 
but possibly dangerous and can lead to stress and/or life-threatening arrhythmias” 
(Trappe, 2010), weaken the expansive and potential benefits of music. 
Alternatively, the mode of music intervention is another area for exploration. Do 
patients receive the maximum amount of benefits from passive listening or active 
participation? Improvisation can stimulate creative processes and alternative 
physiological changes. Such influences may benefit traumatic brain injury patients and 
psychiatric patients with depression, PTSD, or schizophrenia. Moreover, autistic patients 
are shown to benefit from music participation (Gold, Wigram & Elefant, 2010). Not only 
does the music appeal to patients’ aesthetic senses, but it also promotes social interaction 
with others and collaboration. The therapeutic uses for music are limitless. 
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DISCUSSION 
 Music is an aesthetic power that stirs passions in listeners and elicits 
psychophysiological responses. It is built into our evolutionary mating history. Pleasing 
music increases oxytocin levels and increases testosterone in females, while decreasing 
testosterone in males. It fosters a companionship and a monogamous relationship. Music 
is a tool that can alleviate psychic stress, acute stress responses and hypermetabolism 
after severe injury or invasive surgery. Its influence over autonomic activity may 
upregulate or downregulate sympathetic and parasympathetic activity. Soothing music 
can appeal to the parasympathetic nervous system. It will increase levels of growth 
hormone and IgA, and decrease levels of cortisol, norepinephrine, epinephrine, and IL-6. 
There is also a decrease in HRV and a subsequent decrease in HR, BP, and RR. With the 
onset of unpleasant music, elevations in 5-HT and endogenous opioid peptides assuage 
the psychic stress. Music improves neurogenesis and immunocompetence, stabilizes 
cardiophysiology, and regulates metabolism and energy balance. Clearly evident by this 
review, the seemingly abstract nature of music can lead to tangible health benefits. Music 
is versatile and flexible and complements the hard sciences in medicine. 
 A variety of advantages to music intervention sessions makes it an applicable 
remedy. It is cost-effective, easily accessible and administered. All that is needed is a 
music playing device, headphones or speakers.  Music is a non-invasive treatment 
without any hazardous side effects. It is a universal language that can be understood by 
all ethnicities and all intelligence levels. Perhaps music’s most useful purpose is 
alleviating situational stress in the ICU, PACU and other areas of the hospital. With a 
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stressful, unfamiliar environment, the well-being of patients is further compromised by 
the pressure of the situation. The high noise level, disrupted sleep patterns, uncomfortable 
medical procedures, disease severity and worry contribute to changes in heart rate, blood 
pressure, gastric motility, and physiologic stress pathways.  
 Beyond stress management, there is potential use of music as a nutritional 
intervention. According to preliminary studies, music stimuli may improve gastric slow 
waves in a pathway separate from sympathetic and vagal stimulation. For instance, 
pleasant and classical music increases bradygastria, myoelectrical activity, and gastric 
emptying, while household noises increase gastric arrhythmia (Nelson et al., 2008; 
Yamasaki et al., 2012). Studies with preterm infants demonstrate an improved appetite, 
daily weight gain, fewer episodes of bradycardia, and less observed pain. For use with 
cancer therapy or transplant patients, music eases nausea and vomiting and reduces the 
need for antiemetics (Yamasaki et al., 2012).  
  Another potential use for music is its ability to enhance cognitive and physical 
performance. When it comes to high demand, music shows the potential to motivate and 
improve an individual’s performance of a task. In relation to physical performance, there 
has always been a connection between music and kinesthetic body movements. 
(Panksepp & Bernatzky, 2002). Rhythmic body swaying and choreography would 
accompany music during religious rituals in ancient times. Meanwhile, music from the 
kitharas (harp-like instrument) and auloi (wind instrument) were played during Olympic 
competitions in ancient Greece to improve athletic performance (Trappe, 2010). Upbeat 
music stimulating sympathetic activity can increase cortisol levels to boost energy and 
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exercise levels (Brownley, McMurray, & Hackney, 1995). Music interventions have been 
used to regain controlled motion in patients with ataxia and other movement disorders. 
 With cognitive performance, Conrad et al. (2010b) investigated the effect of 
dichotic music, silence, mental loading and classical music on surgical performance. 
Using a simulated laparoscopic surgical procedure, surgeons were placed under variant 
conditions. The relaxation effect of music facilitated learning of the surgical procedure 
and improved accuracy. However, mental loading and dichotic music negatively 
impacted accuracy, speed, and recall of the procedure. (Conrad et al. 2010b; 2012) The 
effect of music varied with each surgeon, depending on their learning styles and music 
exposure. The prospect of music’s influence on cognitive function may be useful in 
rehabilitating traumatic brain injury, neurological disorders, or facilitating learning 
processes.  Even without a definitive conclusion, future research is invested in how music 
can enhance people’s abilities. 
 One potential deduction may be that music positively influences the untrained, 
inexperienced, and amateur, while negatively affecting experts. Previous studies showed 
that untrained athletes and inexperienced mothers are positively affected by music, while 
trained choir singers respond negatively to music listening (Brownley et al., 1995; 
Ventura et al., 2012; Kreutz et al., 2004). Music contributes to learning by suppressing 
anxiety and tension. Yet, music listening presents opposite effects in working with 
musicians and non-musicians. In a study by Bernardi et al. (2006), there were no 
significant hormone or cardiophysiological responses between the two groups. However, 
the musicians exhibited a heightened sensitivity to music, with higher breathing rates at 
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increased tempi and lower respiratory rates during pauses (Bernardi et al., 2006). A 
greater understanding of individual factors and predilections can help personalize music 
interventions to each patient. 
Prescribed music is gradually being introduced into the clinical environment. In 
Denmark, MusiCure is used as a complement treatment to medicine and as a non-
pharmacological drug that can be sold at pharmacies. Written and produced by Danish 
composer and oboist Niels Eje, MusiCure is commercially designed music intended only 
for medicinal purposes. It has been legitimized by physicians and biomedicine 
researchers from the Musica Humana research project, which conducts scientific-based 
clinical trials using music in Scandinavian and American patient populations. 
Researchers experiment with and monitor any side effects as they develop a proper ‘dose’ 
of music for patients (Nelson et al., 2008). The songs on the MusiCure CD inspire 
positive mental imagery, relaxation, and creativity with its acoustic and instrumental 
elements. The sounds are generic and universal so that they may cross any Eastern or 
Western cultural barriers. Moreover, it incorporates samples from nature that convey the 
sounds of remote pasts and places separate from the stress of modern life (Lind, 2007). 
MusiCure reconnects sounds to nature, for “music imitates not the sounds of specific 
natural phenomena, but the mode of operation of nature itself, the growth patterns of 
plants and animals, the tectonics of things” (Albright, 2004). MusiCure is a clinically 
supported means of treatment in healthcare. 
Nevertheless, with any treatment there is also an opportunity for abuse. Just in the 
last three years, a new “digital drug” called I-dosing has become a new recreational 
67 
 
activity for young adolescents. Taking advantage of music’s mood-inducing effects, 15 
minute audio files are created to simulate the feeling of illicit drugs, such as LSD, 
marijuana, and cocaine. I-dosing is based on the use of binaural beats. Binaural beats 
occur when two different frequencies play in each ear. The dissonant sounds lead to a 
phenomenon in which the brain produces low frequency pulsations (Cervellin & Lippi, 
2011; Melnick, 2010; Hesse, 2010). It is believed that binaural beats can influence brain 
activity by entrainment of brain waves. First discovered by Heinrich Wilhelm Dove in 
1839, binaural beat therapy was mainly used to regulate hearing and sleep cycles and to 
reduce anxiety (Melnick, 2010). The meditative effects are being harnessed into 
downloadable doses that purposefully trigger certain feelings. As of now, the ability to 
download a ‘high’ lacks scientific evidence. Skeptics have found little evidence that I-
dosing truly produces a ‘high’ and consider it a non-hazardous trend (Cervellin & Lippi, 
2011; Melnick, 2010; Hesse, 2010).  The threat of I-dosing may not be imminent, but the 
concept opens up the question of just how strongly music influences people’s moods, 
behavior, mental state and perception of the world.  
 
Limitations 
Understandably, there is a constant struggle to quantify music into scientific 
values that can be generalized to the larger population. The subjective nature of music 
and the non-concrete connection between music and human’s physiological and 
neurological responses leaves researchers with a challenge to design controlled 
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experiments. Standardization of controlled experiments can reduce variables and 
inconsistencies in results.  
 Nevertheless, in dealing with music stimuli, a question of the cause of the 
outcomes are truly from the music arise. Many studies were not able to conduct double-
blind studies and were therefore, unable to discretely hide the objective of their study. 
Consequently, there is a possibility of a Hawthorne effect in which patients may have 
been induced to present findings that the researchers may have wanted. It is a situation in 
which an individual’s behavior is altered by their being observed and characterized by a 
temporary change. Nilsson (2009b) suggested the possibility of this as the patients 
became aware of the study (Nilsson, 2009b).  A few studies, such as ones done by 
Charnetski and Koelsch created a control group that received auditory stimulation in the 
form of clicks and tones or sounds of breaking waves, respectively (Charnetski et al., 
1998; Koelsch, 2011). These non-musical auditory stimuli provide a more comprehensive 
control with silence in experimental and clinical settings. In both studies, the non-musical 
stimuli did not have as much as a significant effect in listeners as music did. Auditory 
stimuli was not comparable to music listening. Consequently, musical properties are 
shown to key to having an emotional response, and subsequent, physiological response. 
Khalfa et al. (2008)confirmed that emotional arousal by music relies on tonal variation 
and not simply by entrainment of tempo or rhythm (Khalfa et al., 2008). But he showed 
that there was tempo entrainment in beat-alone condition, in regards to respiration rate. 
 Moreover, is it important to distinguish between processing music and merely 
using it as a distraction? Music may mask unwanted environmental stimuli and provide a 
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distraction from pain. The gate control theory of pain states that competing stimuli for 
peripheral nerve impulses travel via the spinal cord to the brain, where pain perception is 
processed. The gates in the spinal cord may be open or close to varying degrees 
depending on efferent signals from the brain. Consequently, music’s effects in the brain 
may decrease conscious awareness of pain (Krout, 2007). Music as a distraction utilizes 
different pathways than if a patient experienced a psychophysiological response. It is 
difficult to determine if this distinction is significant or necessary. 
 All of the studies reviewed measured physiological changes immediately after 
brief music interventions. The greatest autonomic psychophysiological responses are 
found through short music sessions, which can evoke transient emotions. The studies 
highlighted in this thesis all depend on the immediate autonomic responses of the subject. 
Yet, address issues of habituation and if effects can persist in long-term music sessions. 
The existence of habituation is important in understanding if music therapy can only have 
acute effects. Bernardi et al. (2006) showed that there was no habituation to the music 
after repetition and demonstrated that the physiological effects were reproducible. 
Bernardi used a 2-minute and a second 4-minute session on his patients. What was 
observed was a lack of habituation to the music even after repetition and with prolonged 
sessions from 2 to 4 minutes. This finding shows that clinical use of music can produce 
consistent effects without potential for diminishing effect after being repeated (Bernardi 
et al., 2006). In contrast, Iwanaga et al. (2005) discovered habituation as patients were 
exposed to repeated 5-minute sessions four times. Patients exhibited a gradual non-
significant increase in the HF component after the same 5 minute excerpt was repeated 
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four times. (Iwanaga et al., 2005). A possible explanation is that longer, repeated 
exposure can transition a stimulation effect into a calming, relaxation effect. Many 
students listen to repeated songs or playlists as they study to produce a soothing, stress-
reducing environment. The duration and frequency of music sessions appear to major 
factors in the effectiveness of music interventions. Future longitudinal studies can explore 
how the continuation of music sessions benefits patients.  
 
 
CONCLUSION 
In the concrete, quantified, and scientific field of medicine, the use of music is often met 
with skepticism. However, evidence has proven that music resonates with the emotional 
spirit and propagates a series of changes to autonomic activity. Many of its effects 
beneficially augment traditional medicine and encourage positive health experiences and 
well-being in the face of adverse circumstances. The future of integrative medicine lies in 
capitalizing on the universality and versatility of music in healthcare. 
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APPENDIX  
Table 1. A highlighted summary of the reviewed studies reporting music's effects on the 
autonomic nervous system. 
Affected 
Physiology Article Summary 
Neurotransmitter
s and Endogenous 
Opioid Peptides 
Evers, S., & Suhr, B. (2000) Studies the perception of pleasant and 
unpleasant music and discovers that 
serotonin (5-HT) content in platelets are 
higher in response to pleasant stimuli  
  Charnetski, C. J., Brennan, F. X., & 
Harrison, J. F. (1998) 
Investigates effects of music and auditory 
stimulus on salivary IgA levels. IgA levels 
significantly increase with Muzak and 
decrease with silence and tone/click 
stimulation. 
  Hucklebridge, F., Lambert, S., 
Clow, A., Warburton, D. ., Evans, 
P. ., & Sherwood, N. (2000) 
Mood induction with mental recall and 
positive and negative music stimulates 
secretory IgA levels to increase, 
especially in the case of positive moods. 
  
Kreutz, G., Bongard, S., 
Rohrmann, S., Hodapp, V., & 
Grebe, D. (2004) 
In working with experienced choir 
singers, increases in secretory IgA and 
IgA/albumin ratio are found. Listening to 
music conveys a negative effect on IgA 
levels.   
  Stefano, G. B., Zhu, W., Cadet, P., 
Salamon, E., & Mantione, K. J. 
(2004) 
Music led to a signficant decrease in IL-6 
and an increase in mu opiate receptor 
expression level. There was also a non-
significant drop in plasma morphine 
levels. 
  Conrad, C., Niess, H., Jauch, K.-W., 
Bruns, C. J., Hartl, W., & Welker, 
L. (2007). 
In critically ill patients, Mozart's sonatas 
decreases epinephrine and IL-6 levels 
and increases GH concentrations. 
  Mӧckel, M. Rӧcker, L., Stӧrk, T., 
Vollert, J., Danne, O., Eichstӓdt, 
H., Müller, R., Hochrein, H. 
(1994) 
Records variant responses to different 
genres of music. The waltz leads to 
increases in atrial filling fraction and ANP 
levels. Modern classics decrease prolactin 
concentrations. Meditative music 
signficantly decreases cortisol, 
norepinephrine, and t-PA levels. 
Hypothalamic-
pituitary pathway 
Nilsson, U. (2009a) Patients recovering from CABG surgery 
experience elevations in oxytocin, PaO2 
and subjective relaxation levels after 
listening to music during bed rest. 
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  Gerra, G., Zaimovic, A., 
Franchini, D., Palladino, M., 
Giucastro, G., Reali, N., … 
Brambilla, F. (1998) 
Studies how subjects respond to techno 
and classical music. Techno music 
induces significant increases in β-
endorphin, ACTH, norepinephrine, GH, 
and cortisol; as well as, significant 
increases in HR and systolic BP. 
  Huron, D. (2011) A meta-analysis about the relationship 
between prolactin levels and perceiving 
sad music as pleasurable.  
  Khalfa, S., Bella, S. D., Roy, M., 
Peretz, I., & Lupien, S. J. (2003) 
Under psychological stress, music is 
found to return salivary cortisol levels to 
baseline significantly faster than silence.  
  Koelsch, S. (2011) Pre- and perioperative music 
interventions demonstrate a decrease in 
serum cortisol levels during surgery and 
under regional anesthesia.   
  Nilsson, U. (2009b) With postoperative music interventions 
in CABG patients, serum cortisol levels 
decrease, while RR and MAP significantly 
reduce in Day 1 of postoperative care. 
  Good, M., Albert, J. M., Arafah, B., 
Anderson, G. C., Wotman, S., 
Cong, X., … Ahn, S. (2012) 
Observations on Day 2 of postoperative 
reveals no significant changes to cortisol 
levels.  
  Ventura, T., Gomes, M. C., & 
Carreira, T. (2012) 
Large decreases in cortisol and anxiety 
scores are more prevalent in young 
mothers with low gestational age upon 
undergoing an amniocentesis procedure. 
Hypothalamic-
gonadal axis 
Fukui, H., Arai, A., & Toyoshima, 
K. (2012) 
Alzheimer female patients benefit from 
music with a significant increase in 17β-
estradiol (more so in combination 
therapy with a therapist). 
  Fukui, H. (2006) Music suppresses testosterone in males 
and to stimulates release in females.   
  Fukui, H. & Yamashita, M. (2003) Administers visual stress and music to 
health males and females. Music 
stimulated a decrease of testosterone in 
males and an increase in females.  
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